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LOCAL CIRCUMSTANCES 


[LICOSIS 
on the 


has heen produced 


Rand in the course of 

mining through quartzite (con- 
taining 90 to 96 per cent. of free silica) 
in order to reach, remove, and crush 
the bands, or reefs, of gold containing 
conglomerate; this conglomerate con- 
tains about 86 per cent. of free silica, 
and consists of quartz pebbles em- 
bedded in a silicified matrix. 

The same quartzite forms the com- 
mon surface rock over large areas of 
the Transvaal, and silicosis is oecasion- 
ally developed as the result of re- 
peated exposures to the dust storms 


of the dry season. Thus, among 
34,000 candidates for the ‘Initial 


of the Medieal Bureau, 


no less than seven well-marked cases 


Eexamination’”’ 


of silicosis have been found in men 


farmers. policemen, and transport 
riders—who have never engaged in 


It will there- 
silicosis, 


mining or stonecutting. 


fore be seen that like many 


other occupational diseases, is not 


strictly confined to particular indus- 
tries. 
that no industrial 


country 


[t is probable 


disease in any has received 


I} 
so much legislative attention, from the 


compensatory aspect, In such a short 


space time. The Union of South 
Africa was constituted in 1910: and 


between the years 1911 and 1925 its 
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the compensation to be paid to wo) 
ers, or the dependents of dece: 
who contracted {| 
disease and or pulmonary tubercul 
The justification for this legisla: 
activity will be apparent when | 


remembered that the productio: 


workers, have 


eases of silicosis has been associ: 
almost parr PAassu with the progre; 
the gold mining industry, from a 
years after the sinking of the first s| 
Irom its }e- 
ginning in 1886, the industry in 


until the present time. 


Transvaal has undergone an ext 
ordinarily rapid development, so 
by the year 1923 it was supplying n 
than 50 per cent. of the total out; 
During 
thirteen years 1911 to 1923 the mi 


of gold for the world. 


of the Rand produced an annual ay 
age of more than thirty-five mull) 
pounds’ worth of gold. That the cr 
tion of such colossal amounts of wealt! 
was associated with the production of 
a very serious disease of the lungs in 
considerable proportion of the worker 
was a fact which the legislature of! 
civilized country could not poss! 
ignore. A Commission in 1912 for 
that about 26 per cent. of the kw 
affected 
cosis, While during the period 191] 


pean miners were with 
1924 there has been an annual produc- 
the 


cases of this disease among the | 


tion, On average, of about 
pean miners, and 380 among the nat 
laborers. 
the 
averaged about 15.000, and the nit 
laborers about 175.000. 


, 
' 


he all-important 


In the period last ment 


number of working miners 


matter of 


pressing, or limiting, the creat) 
dust in the mines, and protecting 


worKers Trom inhalin: the aust 


S yi ly pr vided { yr DY 
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. the terms of a single Act—the 
es and Works Act of 1911; the 
rtinent Regulations under this Act 
oe. however, been amended and en- 
ved from time to time. 

1916 a Medical Bureau was ap- 
ted by the government to exam- 
all candidate miners as to their 
sical fitness (the “Initial Exam- 
ion’): to examine at intervals of 
months all working miners for the 

esence of pulmonary tuberculosis or 

silicosis (the ‘‘Periodical Examina- 
"): to examine all ex-miners 
iming to be silicotie (the ‘Benefits 
mination’’); to supervise the ex- 
inations of the native laborers; and 
certify as to the presence of sill- 

and whether it was the cause, 

contributory cause, of death in 

, mine worker. 

(he present occasion is not appro- 
priate for a detailed review of all the 
esearches which have been conducted 
nto the causation and pathology of the 

ease; 1t will suffice to embody the 

ults of the more important of these 

arches (with special acknowledg- 

nts to Dr. A. Mavrogordato and 

L.. G. Irvine) in a short account of 
disease as we have encountered it 
the Transvaal. One feels a certain 
mount of assurance in undertaking 
is task, and some confidence that 
will prove of service in other coun- 
because of the unusually large 

ber of cases met with in Johannes- 
and because of the unique facili- 
which have been afforded, for 
years past, for systematic ob- 

tion and study of the disease in 
aspects. The extent of these 

lles may be gauged from the fact 
the Medical Bureau, since 1916. 
nducted, on the average, 54.890 





examinations annually; has prepared 
and examined, in each year, 24,508 
radiographs of the chest; and has 
annually earried out 342 postmortem 
examinations of the lungs of deceased 
mine workers. 


gee ery § 


The name “‘silicosis’’ is more ac- 
ceptable to the medical scientist than 
“miners’ phthisis,” since 1t indicates 
the primary cause of the disease and 
not merely one of its symptoms. 
‘“Phthisis,”’ 7.e., wasting, is not neces- 
sarily present, and, moreover, it Is a 
symptom presented by many other 
ailments of very varied causation. 
The South African Miners’ Phthisis 
Act of 1912, and all its principal suc- 
cessors, have happily declared that 
‘miners’ phthisis means silicosis of the 
lungs;” and the term silicosis is now 
lawfully applied to designate any and 
all of the varieties of the disease, 
whether an obviously tuberculous 
process is present or not. The term 
miners’ phthisis, if it has any precise 
meaning, refers only to silicosis when 
associated with an active tuberculous 
process; its retention in the title of the 
South African Act, and in the title of 
the Bureau which administers its medl- 
cal provisions, is indeed merely a his- 
torical relic. 


( AUSATION 


a 


The silicosis of the South African 
gold miner is etiologically identical in 
all its essentials with tin miners’ 
phthisis, stone cutters’ phthisis, pot- 
ters’ rot, and grinders’ disease; these 
latter diseases appear to be examples 
of that form of silicosis which is known 


to us as “silico-tubereculosis.”’ and 


which will be subsequently described. 
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The primary factor in the causation 
of all these diseases is the entry into the 


lymph channels of the lung, v7a the air 


vesicles, of excessive quantities of par- 
ticles of erystalloid silica—usually in 
the form of quartz, sandstone, or flint. 
These particles eventually tend to be- 
eome incarcerated in new fibrous tissue 
in the lung, but this process of inear- 
ceration is usually interfered with by a 
secondary factor which 1s of paramount 
the 
activities of the Bacillus tuberculosis. 


Importance in the disease—?7z., 


This microbe may be already present 
in the lung, it may enter it almost 
simultaneously with the silica particles, 
or, as Is more commonly the case, it 
obtains lodgment subsequently. 

The mere presence of a few particles 
of silica dust in the lung, although 
probably predisposing to pulmonary 
tuberculosis, is not sufhiecient to give 
rise to silicosis, at least in its common 
and generalized form; but no definite 
statement can be made as to the degree 
of abundance of particles which is pre- 
requisite to the deve lopment of the 
familiar disease. The lungs of people 
in the Transvaal who have not followed 
any dusty trade, and who were cer- 
tainly not silicotic, have been found to 
100,000 million 

Qn the other 
hand, the number of such particles In 


the 


contain as many as 


particle s of siliea dust. 
silicotie miner 


lungs of must 


reckoned in millions of 


least 


may rity of cases, the final and determin- 


Cé rtainly he 


millions. In at the very great 


Ing cause of the appr arance of the dis- 
ease in the Rand gold miner, even in 
its ‘simple’ form, has been a tuber- 
culous infection, rather than a surpas- 
sing of the capacity of the lung harm- 


lessly to inecarcerate QuartZ particles. 


(One suspects that the Same observa- 
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tion will be confirmed in all the silieos) 
producing industries. 

The the particles 
(mostly from 0.5 micron to 5 micro, 
which gain access to the lung tissue: 
limited by the capacity of the pho 
eytic endothelial cells, lining port 


size of silica 





of the air vesicles, to engulf them 
convey them from the vesicles into | 
lymph spaces and lymph channel: 
the lung. It is probable that particles 
below about 0.25 micron, or al 
about 10 microns, are practically 
nocuous, since they cannot be phago- 
cytosed. 

Foreign particles of any sort, p. 
vided they are of a size falling wit! 
the limits just stated, will be conve. 
into the lymph spaces of the lung su 
stance if they have been inhaled 
With the ey 
tions of silica and pathogenie microbes, 
other foreign 
particles are practically harmless: 


sufficient numbers. 


however, almost all 
proportion to their insolubility, thi 
tend to loiter 
varying lengths of time, in the lym- 


and accumulate. 


phatie spaces, channels, and no 
They thus give rise to such 


permanent and relatively harm: 


conditions—one can hardly call 


diseases—as anthracosis, alumuinosis 
siderosis, ete. 
Silica 


carried into the lymphatic system 


particles which have 
the lung are specifically harmfu! 


two ways: (1) They eventually 
come encapsuled in small areas 
fibrous tissue, and when these 
are very numerous and widely 
tributed a certain amount of mec! 
cal interference with the functio! 
the lung results (simple silicosis); |- 
their presence greatly facilitates 
? 


multiplication of the tubercle bac 


; 
s 
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‘his also gains entry to the lymph 
ees (tuberculosis with = silicosis). 
th these effects of silica are probably 
emical in nature; the first is slowly 
veloped during the very gradual 
lution of the particles, while the sec- 

| is evidenced without delay. 
[f the particles are of silicate—7.e., 
ea combined with metallic oxides— 
h as glass, brick, or cement, the 
cific effects of silica are not 

oduced. 

[t is only a small proportion of those 
.o have been exposed to the specific 
for similar periods who develop 
osis. Thus, in the year 1924, of 
(2 European miners who had 
rked underground on the Rand for 
years or longer, only 176 (7.6 per 
developed silicosis in any form 
ring the year; the remainder (92.4 
cent.) were apparently quite free 
ut n the disease. That this was not 
| ely a result of inability to diagnose 
disease during life is shown by the 
that, among the postmortem ex- 
nations, during the same year, of 
lungs of miners who had also 
ed underground for more than 
‘ears, no trace of silicotiec fibrosis 

| be found In six instances. 
hat a very large proportion of the 
employed for the same periods in 
nilar classes of work have failed to 
lop the disease may be accounted 
y one or both of the following sup- 
tions: (1) that they have escaped 
tuberculous infection which, in 
less fortunate fellows, is the final 
nt of the disease; and (2) that, 
ne reason or another, the amounts 
st actually inhaled have been rela- 
smaller; for experimental ob- 
tlons On animals show that, if the 
ires to silica dust are sufficiently 








intense, no individual will escape the 
subsequent development of a nodular 
pulmonary fibrosis. When the quan- 
tity of dust inhaled by the miners has 
been relatively small, it may be sur- 
mised that the processes whereby the 
particles are removed from the lungs 
have been sufficiently active, in the 
majority of the men, to prevent that 
degree of accumulation of particles 
which is prerequisite to the develop- 
ment of the ordinary form of silicosis. 


LATENT SILICOSIS 


Despite the nondevelopment of sili- 
cosis In the great majority of those who 
have been exposed to the dust for a long 
period, it appears that the liability to 
such development may nevertheless 
be present in many of the individuals. 
It was found, for example, that several 
of the long-service miners who took 
part in the Great War, and who were 
non-silicotie when they left their work, 
had developed the condition when they 
returned. This state of liability doubt- 
less depends upon the continued re- 
tention in the lung tissues of a sufficient 
number of silica particles; it ceases 
when a certain proportion of them have 
escaped in the expectoration, have 
been removed by other channels, or 
have become finally dissolved. The 
agency which converts the lability 
into a manifestation of the disease, 
in any particular case, 1s usually a 
tuberculous infection. The state of 
the individual thus hable to develop 
the disease without inhaling any more 
silica dust is conveniently referred to 
as latent silicosis. 

It will thus be seen that one has 
come to the conclusion that, in practi- 


cally all instances, there are two fac- 
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tors which are prerequisite to the 
development of silicosis in its usual 
form: (1) the condition of latent sili- 
eosis, and (2) the access of a tuber- 
culous infection. 

The condition of latent silicosis 
presents no specific physical signs, 
or symptoms, and cannot therefore 
be diagnosed with certainty during 
life. It is probably associated, radio- 
graphically, with some increase of the 
shadows—both dendritie and reticular 

normally cast by the connective 
tissue of the lungs, and, from the 
pathologist’s point of view, with ex- 
cess of pigmentation on the cut sur- 
face of the divided lung. 


(‘LINICAL FORMS OF SILICOSIS 


Silicosis 1s recognized in the mine 
workers of the Rand in one or other of 
two forms—either as simple silicosis 
or as tuberculosis with silicosis—and 
these two forms are separately pro- 
vided for in the Miners’ Phthisis Act. 
The fundamental distinetion between 
the two forms is that simple silicosis 
I< not ob lously associated with the 
evidences of tuberculous infection. 
We are not now concerned with ordi- 
nary pulmonary tuberculosis, although 
it occurs among the mine workers of 
the Rand (especially the native la- 
borers) and is also a legally compen- 
sable condition; mention is now made 
of it beeause, when it is discovered 
Without any signs of coexistent. sili- 
eotic changes, it is referred to, for 
purposes of discrimination, as “‘simple 
tuberculosis.” 

\ithough both forms of silicosis are 
characterized by the presence in the 
ings of nodular lesions, they can be 


readily distinguished frem one an- 





other, especially as a result of ¢h 
differences between their radiograph; 


Ap 
A 


appearances. 
Simple Silicosis 


Simple silicosis 1s a condition whi 
inaworker who remains free from oy 
tuberculous changes, is nonprogre: 
and produces but little effect on health 
The typical condition is associat 
with the presence of numerous, smal! 
inert nodules of dense fibrous tissy 
scattered symmetrically and uniform! 
throughout the parenchyma of bot! 
lungs. When these nodules are s 
abundant as to be closely aggregat 
a certain amount of disability ma: 
result; the leading features of this 
disability are shortness of breath 
exertion and some tendency to obesit) 
When the nodules are few and widel 
separated, their presence can hardly 
be deemed to constitute a diseas 
and their existence indeed often goes 
undetected during life. The patholo- 
cist wno discovers these scanty lesion 
will report the presence of ‘“‘a few sim- 
ply silicotic nodules,’ but he will no’ 
certify that the individual was 
subject of silicosis. The convention 
the Medical Bureau as to what degre 
of prevalence of these nodules justifi 
the opinion that the disease sin 
silicosis is present, 1s recorded in a su 
sequent section.! In this conn 
it may be remarked that patient 
microscopic investigation will us' 
disclose, in the lungs of any 
who has resided in the Transv: 
several years, the presence of 
small areas of fibrosis surroun 


particles of silica dust and pign 


“ee under ‘‘Detection of Silicosis 
Death,’ p. 124, 
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jis widespread occurrence of minia- 

Nn] ve silicotie nodules would not, of 
ise, justify the assertion that most 

the adults in the Transvaal are 

“eeted with the disease known as 


icOsis. 
Tuberculosis with Silicosis 


Cubereulosis with silicosis (or “‘in- 
LU tive’ silicosis, as it has been felici- 


isly termed) is a progressive and 


al very serious disorder. It is associated 
7 h the presence in the lungs of nod- 
n iles of somewhat larger size, unsym- 
netrically distributed in the two 
: ngs, and composed of young con- 
ctive tissue elements among which 
Bacillus trube rculosis is harbored: 
: acent nodules are frequently ag- 
cated into masses, The eondition 
es rise to advancing disability and 

wchexla. 
‘Gls When silicosis first appears in the 
St ‘opean miner it is usually in the 
BUCS rm of simple silicosis, while in the 
tive laborer it usually originates as 
berculosis with silicosis; thus, of all 
cases among the miners during 
last seven years, 92 per cent. have 
rted as simple silicosis, while of all 
s among the laborers, in the same 


riod, 78 per cent. have been in the 
rm of tubereulosis with = silicosis. 
principal influence producing this 
ial discrimination is the much 
iter susceptibility of the Negro to 
effects of tuberculous infection. 
general question of racial lability 


| 


ilicosis will be again referred to 


ue simple silicosis undoubtedly 
[IS AS 4 nosologic entity, for it Can 
ly be produced in animals; while 
psies in 


cases of violent death 


a : ] 4 . 4 1 
showed that it occasionally OC- 








curred among our miners in the past, 
when exposures to dust were often very 
intense. In my opinion, however, the 
pathology of almost all the cases of 
what we term simple silicosis now ap- 
pearing on the Rand is fundamentally 
the same as that of tuberculosis with 
silicosis; the development of what ap- 
pears to be a condition of simple 
silicosis, in these days, 1s probably a 
pathologically unique result of a tu- 
berculous infection in a latently sili- 
cotie individual, 

Although the pathology of the two 
forms of silicosis, as encountered during 
late years, may be fundamentally the 
same, the subsequent history of the 
two classes of cases clearly shows that 
their separation is clinically justifiable, 
and that, at least in the matter of 
prognosis, the two conditions are quite 
distinet. The prognosis in the differ- 
ent forms of the disease will be dealt 
with subsequently. 

Tuberculo-Silicosis and Silico-Tu- 
berculosis.—lrom the clinical stand- 
point, and especially in the matter of 
radiographic appearances, cases of 
tuberculosis with silicosis fall into two 
classes: (1) those in which an ap- 
parently simple silicosis has first de- 
clared itself, and in which, at some 
later date, signs of overt tuberculous 
changes are developed, unsymmetri- 
cally, among the silicotic lesions—as 
far as the luropean miners are con- 
cerned, this is markedly the larger 
class, and the condition is suitably 
known as ‘“‘tuberculo-silicosis:” (2) 
those in which the signs first appearing 
are those of ordinary pulmonary tu- 
berculosis, and in which the signs of a 
more or less localized silicosis are 


developed shortly afterward (or are 


found postmortem) in close associa- 
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tion with the tuberculous lesions. This 
eondition, which is relatively more 
prevalent among the native laborers, 
is known as “ The 
division of cases of tuberculosis with 


silico-tuberculosis.’’ 


silicosis into these two classes has the 
advantage of indicating, from the elini- 
cal point of view, the factor which is 
primary, and dominant 
in each 


throughout, 
It should be clearly 
that the 
tuberculo-sili- 
silico-tuberculosis is 


class. 


understood, however, dis- 


crimination between 
made 
solely upon clinical grounds, and that 


cosis and 
it does not imply any essential differ- 
ence in the fundamental pathologie 
processes Involved. 

The frequeney with which the con- 
dition of simple silicosis passes into 
that of tuberculo-silicosis will be dis- 
cussed in the next section. 

The condition of silico-tuberculosis 
Is a very important one from the legal 
point of view, and therefore calls for 
special consideration. Pathologie in- 
vestigation shows that, in the major- 
ity of European cases of the condition, 
the tuberculous trouble has extended 
from one or other of a few old silicotie 
lesions, in the interior of which the 
infection has apparently been locked 
up for a long time. This observation 


that silico-tuberculosis in 


Suggests 


these eases is, from the pathologie 
aspect, essentially the same process as 
and that 


eal differences between the two condi- 


tuberculo-silieosis, the elini- 
tions are merely consequent upon the 
scantiness of 
This 


leads to the Imp rtant conclusion that, 


relative abundance. or 


the preexisting silicotic lesions. 
although simple silicosis eannot be 
the 
scattered 


exist unless lesions are 


sald Lo 


multiple and throughout 


both lungs, the eondition of. silico- 
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tuberculosis must be admitted to 
present the tuberculous 
process was initiated by a solitary i; 
feeted silicotie lesion. 


even when 


In native cases of silico-tuberculo 
however, a previously infected silico 
focus is rarely found; the tuberculous 
infection has been recently acquir 
and has resulted in a more or less |! 
calized development of young silicot 
lesions of a peculiar character.? 

In both European and native ex- 
amples of this condition, the quant 
ties of dust previously incarcerated 
the lungs have been insufficient | 
provide for the appearance of th 
numerous and extensively distribut 
lesions which usually constitute si 
ple silicosis and tubereculo-silicosis 

[It will perhaps be found that 
majority of cases. of the ““ohthis 
which characteristically affects cert 
trades, other than mining, and in which 
there is some exposure to silica du: 
are, infact, cases of silico-tuberculosis 
This point can be cleared up only 
extensive and systematic resort to po 
mortem examinations; the undert 
ing of such a research is justified by 1 
eonclusion just referred to, and for 1 
sake of emphasis this conclusion 
be restated: Unlike simple silicosis « 
tuberculo-silicosis, silico-tubercul 
may appear in a lung in which 
small amounts of silica dust have | 
incarcerated, or in which the orig 
simply silicotic lesions were relat 
very few in number, or even solitar 


LIABILITY OF SIMPLE SILICOSIS TO 


COME OVERTLY [TUBERCULO! 


The condition of simple silico 
unfortunately liable to pass into t! 


>See under 
ize Tuberecul 


} 


“Chanzes Which Char 
ner ; 
i 


31S WiTN SLLLCOSIS, p. le 
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orculo-silicosis, and this even after 
Is veral years. In view of the gravity 
his change, any observations which 
) us to assess the probability of its 
urrence are of special value. On 
wing the subsequent histories of 
annual batch of new cases of 
yle silicosis, it 1s found that the 
lity to the development of a tu- 
ilous change has not been the 
in each year’s quota, but that it 
-. has tended, slightly but quite defi- 
ely, to decrease in the quota for each 
eeding year. Without discussing 
numerous and important questions 
‘h this phenomenon evokes, it may 
stated that one has come to the 
wing significant conclusion: that 
liability of simple silicosis to be- 
overtly tuberculous is mainly 
ndent upon a continued activity 
‘lung of those factors which were 
ponsible for producing the original 
lition; in other words, that the 
jor part of the liability to the com- 
tion is inherent in the case from 
outset, and that the influence of 
sequent environment is of second- 
mportance. 
ascertaining, from our records, 
t the hability of the simply silicotic 
r to become tuberculous has been 
e past, account has of course been 
of all instanees in which the 
nge has been detected during life; 
ldition to this, however, it has 
assumed that, in those persons 
ring from simple silicosis who 
died of their disease without 
ig been again examined, death has 
the result of this change. This 
assumption which is warranted in 
tically every instance. Relying 
ls assumpti yn, and also bearing 


lind that. as already stated, the 


liability to tuberculous change has ap- 
peared less marked in each succeeding 
annual batch of cases, one finds that 


TABLE 1.—LIABILITY OF SIMPLE 
SILICOSIS, IN EUROPEAN MINERS, 
TO PASS INTO TUBER- 
CULO-SILICOSIS 


(Rates per thousand of origina! cases of 
simple silicosis) 


LIVING, TOTAL 
: . : BUT RATE 
YEAR FOLLOWING ; DEAD 
as ae ‘ NOW FOR 
THAT IN WHICH O} 
: TUBER- OCCU Re 
SIMPLE SILICOSIS SILI- 
we ‘ CULO- RENCE 
FIRST APPEARED COSIS 
SILI- Ok THI 
COTIC CHANGE 
Ist..... ...| 89 o4 S33 
2nd... a 83 55 138 
3rd... 4 120 Q. 212 
4th... oy 141 139 280 
5th 179 19] SYA 
Oth.. 217 202 179 
Ith 246 2O4 940 


the combined results of seven vears 
observations show that, by the end of 
the seventh vear, a little more than 
half of the cases of simple silicosis 
have either developed overt tuber- 
culous changes or have died as the 


result of those changes (see Table 1). 
APPARENT IMMUNITY OF THE WIFE 


No instance is known to the Medical 
Bureau of a wife having developed an 
overtly tuberculous affection as the re- 
sult of receiving infection from her 
silicotic husband, even though she may 
have successively married and nursed 
several victims of the disease. This 
observation is, of course, as old as 
Georgius Agricola (1556), and has been 


made in England, in modern times, in 


connection with the grinding industry 











the workers in hard sandstone 


quarries. The financial encouragement 


and 


to matrimonial speculations of this 
sort was abolished by the Miners’ 
Phthisis Act of 1919, which provided 
that the pension of the widow of a 
silicotie miner shall cease if she re- 
INnArries, 

This 


combined 


immunologic phenomenon, 


with certain others, has 
most mischievously obscured the com- 
municable nature of this dreadful in- 
fection. Whatever may be the real 
nature of the apparent immunity of 
the wife, it does not seem to be due to 
any lack of virulence in the Bacillus 
tuberculosts which destroys the life of 
the husband; the sputum of the overtly 
found 


to give rise to fatal tuberculosis, in 


tuberculous silicotic has been 
susceptible animals, with just the same 
certainty and rapidity as that from a 


ease of ordinary pulmonary tuber- 


culosis, 


(CHANGES WHICH CHARACTERIZE 


SIMPLE SILICOSIS 


When a particle of silica has been 
engulfed by an endothelial cell of an 
air vesicle, and transported into the 
perivascular lymph spaces, the first 
characteristic change is the coating of 
the particle with fine granules of a 


loosely adherent black pigment. This 
production of pigment 1s an essential 
phenomenon in the silicosis of the 


Rand, and is perhaps constant in all 


human silicosis. Unless at least some 
excess Of pigmentation is found in the 
substance of the lungs of a deceased 


Rand 


cluded that he was not the subject of 


miner, 1t may be safely con- 


the disease in any form. In silicotie 
lesions in the pleura, however, pig- 
mentation is usually slight, or absent: 
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while the lungs of animals (rats a; 


guinea-pigs) which have developed 
experimental silicosis may be 


scantily, if at all, pigmented. 

The next event is the death of | 
“dust cell’? which has conveyed 
silica particle, with the result that th, 
particle and the pigment are liberat 
The particle is again engulfed, pr 
either by 
wandering endothelial cells or by fix 





ably on several occasions, 


connective tissue corpuscles, and th 
process of pigment production and 1 
death of the cell is repeated in ea 
instance. 

The 
throughout both lungs results in 


occurrence of these event 
deposition of visible black pigme: 
in the the 
blood vessels and air tubes, thus giv- 


areolar coats of small 


ing rise to the appearance of a pig 
mentation of dendritic distribution 
The particles and pigment now tend 
to accumulate at certain points in th: 
lymph channels, and as soon as a suffi- 
client number of particles have thus 
collected, a visible island of pigment 
tion is produced; so that, in the 1 
has inhaled much sill 


vidual who 


dust, the parenchyma of both lungs 





has now become uniformly stippl 


with these islands of pigmentars 
deposit. 

Ultimately, some or many of thi 
collections of particles and pigment 
become surrounded and_ infiltrated 
with new fibrous tissue, thus giving ris 
to immature “‘simply silicotie nodules 
In the pleural lymphatics these de- 
posits of fibrous tissue are not usuall: 
associated with visible pigment, 
small whitish 
irregular 


particles which have been conve} 


appear as areas 0 


circular or outline. 1 


to the bronchopulmonary lymph n¢ 
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»yoduce in those organs a dense and 
smented fibrosis, without, however, 
ny increase In size. 
The number and size of the pig- 
entary deposits, and of the pig- 
mented nodules, in the lung depend 
n the amount of fine silica dust 
ich 


tribution is symmetrical and uni- 


s 


has gained entrance. Their 


rm throughout both lungs, for there 
isually no reason, in the absence of 
tuberculosis, why the invading dust 

should not be uniformly distributed. 
It is a somewhat remarkable fact 
at, although silica particles may 
have been entering the lung substance 
ring several years —beginning to 
produce pigmentary deposits from the 
outset—the development of the sili- 
cotic nodules may be much delayed. 
ese latter are rapidly produced, 
her within a short time or simul- 
taneously, in their maximum numbers 
roughout the lungs. Thereafter, a 
alescence of small adjacent nodules 
kes place, the nodules thus becom- 
¢ fewer in number but larger. In its 
il form, each nodule is sharply de- 
d from the surrounding tissues, 
possesses a spherical or oval con- 
It is usually from 3 mm. to 4 
in diameter, and very rarely 
xceeds 6mm. So completely do these 
simply siheotie nodules become en- 
psuled that the pathologist can often 
ll them out of the lung like gray 
black pearls. After the lapse of 
ny years, and in the continued 
ence of tuberculous infection, these 
ules tend to disappear—the fibrous 
becomes absorbed, while such 
minute silica particles as have 
ped complete solution eventually 

| their exit from the body. 


CHANGES WHICH CHARACTERIZE TU- 
BERCULOSIS WITH SILICOSIS 


From the very nature of things, 
one would expect to find certain 
pathologic features common to both 
simple silicosis and that form of pul- 
monary tuberculosis which is origi- 
nated by inhaling the specifie bacilli. 
The invading particles in the two con- 
ditions are of the same order of magni- 
tude; they are both engulfed by en- 
dothelal cells lining the air vesicles, 
and carried into the same lymph spaces 
and channels of the lung; and in both 
instances the organism attempts to 
incarcerate the foreign particles by 
embedding them in new tissue. The 
main points of difference between 
ordinary bronchopneumonic pulmonary 
tuberculosis and simple silicosis are 
that in the former (1) the foreign par- 
ticles have been capable of enormously 
multiplying themselves after gaining 
entrance to the pulmonary lymphatics; 
(2) the new tissue which is formed to 
shut off the particles consists mainly 
of endothehal cells which are very 
prone to death in the presence of the 
bacillary toxins; and (3) the areas of 
new tissue produced are much more 
extensive and are not sharply defined 
from their surroundings—they merge 
eradually into them through a zone of 
lymphocytes. 

It is not necessary to detail the 
changes which characterize the three 
forms (bronchopneumonic, pneumonic, 
and miliary) of ordinary pulmonary 
tuberculosis, for pathologists through- 
out the world are but too familiar with 
them. It is, however, of some im- 
portance to note that, in a man who is 
the subject either of latent silicosis 


or of a well-developed simple silicosis, 


| 
| 
, 
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a superadded tuberculous infection of 
the lungs does not give rise to the 
familiar lesions of ordinary tuber- 
culosis, and particularly that the char- 
acteristic tubercles are conspicuously 
absent. The only exception to this 
that miliary 
tuberculosis, in its familiar form, may 


general statement is 


very occasionally affect the simply 
infec- 
tion in a lung which is latently or sim- 


silicotic lung. <A tuberculous 
ply silicotic usually produces changes 
which are distinctive, in fact pathog- 
nomonic, of the condition known as 
tuberculosis with silicosis. 

In this condition, as in simple sil- 
cosis, there is always an excess of pig- 
but the 


mentation are no 


mentation, islands of pig- 


distributed 
uniformly throughout the two lungs: 


longer 


they tend to be more numerous In the 
immediate neighborhood of the spe- 
cific lesions of tuberculosis with silico- 
sis. ‘These lesions, unlike the nodules 
of simple silicosis, are distributed with 
marked irregularity and asymmetry, 
and, in the condition of silico-tuber- 
culosis, may be very few in number, 
or even solitary. 

The specific lesions of tuberculosis 
with silicosis result from an infiltration 
of the interalveolar, perilobular, peri- 
vascular, and peribronchiolar lymph 
spaces and channels with young and 
exuberant connective tissue, com- 
posed mainly of spindle-shaped cells. 
To the unaided eye this new tissue 
appears succulent and steel gray in 
out in 
marked contrast with the pigmented 


eolor, and usually stands 
and congested background of the cut 
It presents itself 


in the form of small eireles. 


surface of the lung. 


surround- 


ing the divided vessels, and as larger 


and more or less eircular outlines. or 
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4 





groups of outlines, indicating lol 
and groups of lobules. 
closed within 


aitUs 


The areas en- 
these lobular outline. 
are more darkly pigmented and 
irregularly divided by partitions of ¢| 
gray tissue. To the patterns thus 
produced upon the cut surface of {| 
lung affected with tuberculosis 
silicosis one has applied the n 
‘fibrotie figures.” 

When isolated lobules are affect 
in this manner they constitute wh 
are “tuberculo-silicotic,”’ § 
or “‘silico-tuberculotie,”’ 


known as 
nodules—ac- 
cording as_ silicotic lesions preva 
throughout both lungs, or are con- 
fined to a few localities. ‘These nodule: 
vary in diameter from 3 mm. to 8 mn 
but, as it is more usual for many : 
jacent lobules to be simultaneously : 
fected, masses of considerably larg 
dimensions are commonly produ 
To such term ‘fibr 
consolidations” has been applied. 


masses the 


Pleurisy in a silicotie individual is 
usually indicative of the presence of 
and this n 
result, more especially in the Negr 
of the plew 
owing to infiltration of their lym- 
phatics with the new gray tissue. 


tuberculous infection. 


enormous thickening 





In individuals in whom the resist- 
ance to tuberculous infection is very 
low, South African 
Negroes, the infiltration of parts of tl 


such again as 


silicotie lung with this new tissue Is s0 
rapid that it may render large ar 
dense, airless, and friable, with a 
surface which has somewhat thé - 
pearance of gray granite, and w! 
shows little or no trace of lo 
outlines. 
This 


which is so 


young, gray, fibrous tb 


characteristic of tu 


culosis with silicosis is very pron 
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rosis, and in this way vomicae are 
duced, especially in the centra 
ets of masses of fibrotic consolida- 

The bronchopulmonary lymph 
es, if already completely fibrosed 
imple silicosis, may show no other 


‘an 


oe: if, however, the fibrosis has not 
complete, they may be found to 
nlarged and presenting areas of 
ition. 
the lungs of long-surviving cases 
se in whom the amount of dust 
he lungs was not excessive, and in 
m the superadded tuberculous 
tion has been more or less over- 
me—the former site of an area of 
tie consolidation will appear as a 
oray or black, airless, tough, 
Is Mass. 
is of some interest to note that, 
. tal cases of tuberculosis with 
sis, tuberculous lesions are very 
y found elsewhere in the body, 
the exception of the larynx. 


TION OF SILICOSIS DURING LIFE 


detailed aeceount of the signs and 
ms which characterize the vari- 
rms of silicosis need not be given 
it will suffice to outline the more 
tant of them. 
| most satisfactory diagnosis is 
i Which is arrived at when the 
cr, as is usually the case in Johan- 
irg, has been under systematic 
vation for a long period; during 
riod, records of his radiographic 
rances, weight, auscultatory 
and circumstances of employ- 
vill have been made at intervals 
six months. In addition to 
LC riologie examinations of the 
m are undertaken whenever any 
lon arises of his having become 
ly tuberculous. 





It has been found of considerable 
service simultaneously to record the 
radiographic appearances, the weight, 
and the nature of the employment upon 
a chart capable of displaying the 
records in chronologic order for ten 
years. The ordinates of this graph 
represent a scale of radiographic 
estimates of the amount of connective 
tissue throughout the lungs; the ab- 
scissas represent years. Records of 
weight are charted in the upper part 
of the seale, and in this region a line 
showing the standard weight, year by 
year, for an individual of the same 
height and age, is also traced. The 
nature of the occupation, and the 
results of sputum and blood tests, are 
recorded at the bottom of the graph 
in the vertical spaces between the 
abscissas. A specimen of this com- 
bined chart can be supplied to anyone 
practically interested in the subject of 


pneumonokoniosis. 


S imple Silicos 7 Ss 


As a rule, the onset of simple sili- 
cosis Is not associated with any marked 
fall in the line of weight; in fact this 
may rise considerably when the con- 
dition has become fully established. 
(n the other hand, the line of weight 
will show depression in proportion 
to the activity of a tuberculous factor 
in the pulmonary condition, and this 
fall will often precede the appearance 
of suggestive radiographic signs. 

The combined chart is specially 
serviceable in the routine medical 
supervision of the miners, since it usu- 
ally gives a warning—often very 
marked—of the impending develop- 
ment of either silicosis or pulmonary 
tuberculosis. 


The only signs of value which can 














be elicited by ordinary clinical exam- 
ination In cases of simple silicosis are 
general diminution of air entry, with a 
thin, high-pitched inspiratory mur- 
mur. Associated with this is 
loss of elasticity of the chest wall, 
and, in cases of long duration, a dimin- 


some 


ished range of expansion; markedly 
reduced expansion is, however, usually 
suggestive of the presence of an active 
tuberculous complication. 

The observations to be made from 
Q technically satisfactory radiograph 
are of paramount importance. Apart 
from the assistance thus derived, it 1s 
never safe, even for the most experi- 
enced clinician, to venture a positive 
opinion as to the presence or absence 
The lha- 
bility to error which exists when this 
method of 
omitted, or 


of any form of this disease. 


examination has been 
the radiographic 
technic is poor, is well illustrated by 
the following. During last 
alone, the Medical Bureau examined 


541 men who had been certified to be 


when 


year, 


silicotic and who had been compen- 
sated, prior to the establishing of the 
Bureau in 1916. The certificates had 
been given by competent physicians 
of long experience on the Rand, who, 
had not 


modern radiographic facilities. 


however, the advantage of 
The 
Bureau found that in 225 (41 per cent. ) 
of these compensated individuals there 
were no radiographic evidences either 


of silicosis or of tuberculosis. Such 
an experience 1s a striking commen- 


the 
a diagnosis merely upon industrial 


tary upon practice of basing 
history and auscultatory signs. 

The radiographic appearances which 
characterize simple silicosis are usually 
first detectable as a gradual increase of 


the shadows normally cast by the con- 
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nective tissue of the lungs. This in- 
crease is first noticed in the dendritic 
shadow in each lung, after 
small-meshed reticular 
become pronounced, 
both pulmonary areas 
This physical sign (for I think the tim: 


has now come for including radi 


which 
shadows an- 


pear, or more 


throughout 


graphic appearances among physical 
signs) is not specifie to simple silicosis 
alone, but it is nevertheless developed 
over a period of two or three vears 
before the appearance of the pathog- 
nomonic radiographic that 
This latter sign appears 
suddenly and develops to its maximum 


sign of 
disease. 


within a few 
It consists of a uniform and 


somewhat rapidly, 7.e. 
months. 
symmetrical mottling of the pulmo- 
nary areas, the mottling varying in tex- 
ture from fine (‘‘miliary’’) to coarse 
(‘‘dappled’’) in different cases. The 
of the individual spots of 
shadow varies directly with the amount 
of silica dust inearcerated in the lung 
or, more correctly, with the number of 
nodular lesions to which the dust has 
given rise. Perhaps it should be re- 
marked that the radiographic shadows 


closeness 











are not produced by the silica particles 
themselves, but by the aggregations 
of connective 
gendered by 
particles. 


elements en- 
these 


tissue 
the presence of 
With the lapse of time the individual! 
shadows which compose the mottling 
numerous, and 
The shadow 


of the heart also tends to change its 


become larger, less 


less closely aggregated. 


shape and to become of the so-called 


“asthenic”’ or ‘‘vertical’’ type; the 


change in outline is from that o! 


curvilinear right-angled triangle 
that of a 
placed rhomboid. 


ward narrow, vertically 


This change in t 
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tline of the heart shadow is en- 


ntered in ecachexias of various 
vin and is highly characteristic of 
monary tuberculosis; it is never- 


less frequently found in well- 


eyeloped cases of simple silicosis 


h are unassoclated with any 
indications of a tuberculous 
plication. It is significant of 
liac atrophy from any cause. 
peculiarity which is_ specially 
teworthy from the clinical stand- 
int is that simple silicosis usually 


eyelops without giving rise to any 
ymptoms which attract the attention 


the patient. Even when the con- 
nis fully declared, the only com- 
not is one of some shortness of 
th on exertion. <As_ previously 
ted, there may be a marked increase 
dy weight, and, as a rule, the 
lividual has every appearance of 
d health. Cough, expectoration, 
uritic pains, loss of weight, and 


mpaired vigor are usually indicative 


| 


ie presence of overt tuberculous 
mplication. 


Tuberculosis with Silicoszs 


ie condition of tuberculosis with 
icosis is diagnosed primarily by the 
graph, assistance being derived 
a knowledge of previous records, 
i the results of sputum examina- 
ns, and from a careful inspection of 
‘combined chart of radiographic 
pearances and weight. 
tuberculo-silicosis, the radio- 
ph shows that the hitherto uni- 
nly mottled pulmonary areas are 
marked by the addition of one 
more unsymmetrical areas of 
low. 


silico-tuberculosis, the  radio- 


graph will have first disclosed an area 
of shadow (usually situated toward the 
apex, or extending from the hilus), 
while the remainder of the field, ex- 
cept for the probable presence of un- 
symmetrical peribronchial thickening, 
has been of normal appearance. At 
this time a diagnosis of simple tuber- 
culosis will probably have been ar- 
rived at. Around the area of shadow, 
and extending to a variable degree 
over the pulmonary area on that side, 
a mottling now appears, usually within 
six months. This mottling is similar 
to but often coarser and less uniformly 
distributed than that which marks the 
entire pulmonary areas in simple sili- 
cosis. In workers who have inhaled 
only a slight excess of silica dust no 
definite mottling may develop around 
the main area of shadow, and the 
diagnosis during life must remain as 
simple tuberculosis; the postmortem 
discovery of the fact that the tuber- 
culous trouble originated in an old, 
pigmented, and infected silicotie nod- 
ule will justify reclassification of the 
case under the heading silico-tuber- 
culosis. 


Diff rential Diaqnos LS 


The uniform and symmetrical mot- 
tling which radiographically character- 
izes simple silicosis, and the unsym- 
metrical mottling of tuberculosis with 
silicosis, have hardly ever been found 
to be due to any other diseases. In one 
instance, the appearances of a simple 
silicosis of long standing were some- 
what simulated by extensive, primary 
carcinomatosis of both lungs; while 
on two or three occasions an almost 


generalized coarse mottling has been 


found to be due to simple tuberculosis. 
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Tertiary syphilis has been recorded, 
in twenty-one instances, as having 
been responsible for the radiographic 


S1OT) 


is. A 


of an unsymmetrical peribron- 


chial thickening, and the appearance, 


in many of the cases, of an opaque 
mass of irregular outline (usually hav- 
ing flame-shaped projections) in some 
part of one of the lungs. Antisyphi- 
litic treatment has produced complete 
abolition of these radiographic signs 
in four of the cases, a marked improve- 
ment inten, and no appreciable change 
inseven. In this connection it may be 
remarked that it has now become the 
custom of the to submit all 
cases of suspected simple tuberculosis, 
with to the 
Wassermann test of the blood. Of 568 


Bureau 


or tuberculosis silicosis, 
such cases, 115 have given a positive 
reaction, but, as implied above, it has 
been in only a very small proportion 
of these that the pulmonary lesions 


were due S( rf ly tO svphilitie infection. 
DETECTION OF SILICOSIS AFTER DEATH 


from the Miuiners’ Phthisis 


Mating 
\et of 1912, the dependents of any 


| 5° . *“y* 
miner who died of silicosis have re- 


(*( ived COTM pr nsation. together with a 


substantial eontribution toward the 


medical and burial expenses of the 
1916 extended 


to cases in which sill- 


deceased. The Act of 


these “benefits” 
cosis, though not itself the primary 
cause of death, ‘‘was a contributing or 
predisposing factor to the cause of 
death; while the Act of 1925 provides 


compensation if the mere existence of 


SLILLCOSIS IS discovered Aire) qGeatn. 
; sine : : . 
whether or not such silicosis shared in 

; ' ; 
eausing the death. 
4 ¥ > , + ' ] 
As a tortunate consequence | these 


provisions, resort t 


aminati a As 





and has enabled the Medical Bur 
to acquire great familiarity with 
changes in the lungs which are attril)- 
utable to this disease. <A detail 
description of these changes will 
found in the Annual Report of 
Bureau for 1923 to 1924. 

Under a previous heading in 
present article® it was remarked th: 
few simply silicotic nedules may 
found in the lungs (of miners who hay 
neither suffered nor died from silicosi: 
and that minute simply silicotie lesio: 
are usually discoverable in people \ 
are not gold miners; it has there! 
obviously necessary for 
Medical adopt defi 
criteria as to what are the charact 
and what the 
lesions discovered postmortem wl 


been 
sureau to 
number, of silico 
will justify the conclusion that 
disease known as silicosis is prese! 
These (1) The lesions 
must be specifically those of silic 
both visible to the un- 
aided eye and palpable to touch. 
will thus be 
ered opinion of the Bureau, mi 


eriterla are: 
and must be 


seen that. in the con 


scopic silicotic changes, by themsel\ 





do not constitute a disease.) (2 
lesions must be present in such nu 
bers that, on the average, at least | 
will appear in each 5-cm. squared of t! 
divided lung substance; provided 
silicosis shall be deemed to be pr 
when the visible and palpable les! 
which have formed the starting p 
of a fatal silico-tuberculosis are lin 
in number, or even single. 

Medical B 
holds that a few simply silicotie | 


In other words, the 


do not constitute § silicosis: but 


nevertheless certifies that tubere 


or adele 
| Forms of Sil 
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ith silicosis (in the form of silico- 
hereulosis) was the cause of death 


time of first appearance of the specific 


radiographic signs of the disease, and 


LE 2—DURATION OF PREVIOUS MINING WORK (EFFECTIVE PERIOD) IN 
ROPEAN MINERS WHO HAVE DEVELOPED SIMPLE SILICOSIS SOLELY 
FROM EMPLOYMENT IN THE GOLD MINES OF THE RAND 








1917-191S|1918 1S12)1919 1920) 1925-1921|1921-1922) 1922-192: 


new cases 


1923-1924 
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. —  * 
neven @ singte intected ieslon, oO! 


ay 


ifically silicotic character, has 
d the primary site of a fatal 
onary tuberculosis. 
may be remarked here that the 
which, in the living man, con- 
e simple silicosis are very rarely 
vered postmortem, and then only 
en who have died from some cause 
than silicosis; for, when this 
se causes death, it does so because 
assumed the form of tuber- 
Is With silicosis. 


KFFECTIVE PERIOD 
he total of all periods of actual em- 
ment in underground work, prior 
ne first appearance of silicosis in 
particular case, is known to the 
ical Bureau as the “effective pe- 
for that case. In consequence of 
compulsory examination of all 
ing miners at intervals of not 

than six months, the Medical 
u is able to ascertain, with 


} 
4 


iderable degree cf accuracy, the 


ean thus obtain Qa close approximation 


to the effective period. The Bureau 
began its work in August, 1916, and 
in each year since that date a sub- 
stantial number of cases of the disease 
have developed in miners whose sole 
work has been in the gold mines of the 
Transvaal. Table 2 supplies infor- 
mation as to the effective periods 
stated as months of actual employ- 
ment) for all cases of simple silicosis 
which have originated in each year 
among such men. 

It will be seen that, if a miner con- 
tracts simple silicosis solely from work 
in the mines of the Rand, the shortest 
time in which he now does so Is about 
four and a quarter years; and that, 
for all such miners as contract the 
disease, the average time is now about 
ten and a quarter years. That the 
average efiective period has become 
definitely lengthened of late years may 


} 


be reasonably attributed to the greatly 


os 


Improved conditions underground with 


respect to dust. Incidentally, it may 
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be remarked that this observation ap- 
pears to justify the following conclu- 
sion: that the length of the effective 
period commonly prevailing in any 
silicosis producing industry will be 
found to be inversely proportional 
to the intensity of exposure to silica 
dust. 


INCIDENCE 


It was remarked in the preceding 
section that the average duration of 
underground work in the Transvaal, 
prior to the development of simple 
silicosis, Is now about ten and a quarter 
years; the mistake must not be made, 
of course, of supposing that all, or even 
the majority, of the miners who have 
worked for ten and a quarter years 
will develop the disease; it is only 
about 5 per cent. of the total working 
miners, and only about 7 


per cent. 


of those who have worked for 


ten 
years or longer, who annually become 


silicotic in any form. 
Working Miners 


The relative numbers, per hundred 
thousand of the working miners, of 
those who have annually developed 
simple silicosis is shown in Table 3, 
and this is also utilized for recording 
the annual incidence of the two other 
legally recognized diseases. Since 
miners with simple silicosis are not 
compelled to leave their work, there 
are always a greater number of them in 
employment during any one year than 
have become silicotie in that year; 
in other words, the annual prevalence 
rate for this condition is greater than 
the production rate, as is shown in the 
table. 


a working mincr becomes complicated 


If, however, simple silicosis in 


| manos) trrhyopers ly 11] 
Lipereulosis i pPCT UU Ie Silil@= 


by overt 
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cosis), or if a previously non-silicoy 
miner develops either silico-tuberculosis 
or simple tuberculosis, immediate 
tirement from mining work is compu! 
sory; the production rates for tul 
culosis with silicosis and for simp! 
tuberculosis are therefore practic: 
identical with their prevalence rat 
and the latter are accordingly omit 
from the table. 

The satisfactory feature 
Table 3 is the marked decline in 
both of 
silicosis (which is the gravest form 
the three 
tuberculosis. 


most 


incidence tuberculosis wit 


of sim 


ALilj}/) 


diseases) and 
The decline in 
former is not due merely to the m 
frequent retirement of simply silico! 
miners before they become tubercu 
silicotic, for the production rate 
silico-tuberculosis has also fallen, f 
338, In 1918 to 1919, to 131, in 1923 | 
1924. 

The unusual height of the preva 
lence rate for simple silicosis in 1919 t 
1920 was partly due to the first oper: 
tion of a provision of the 1919 A: 
which required the recognition o! 

This: ¥ 
stage,” 


is constituted by “the earliest dete 





new stage in the disease. 
called the “ante-primary 





able specific physical signs” of the d 
ease. The increase was also contri! 
uted to by the return of large nu 
bers of miners from military serv! 
many of these, as remarked under ¢ 
“Latent had 
quired a liability to develop the dis 


section Silicosis,’ 

ease (upon the advent of a tubercul! 

infection) before they left their wo. 
A tendency for the production 

ise IS man 


rded In 


3 : ] ". ; . = 
lor simple siuicosis to rise Is 


in the last tnree years rec 
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and returns available at the 
f writing show that this tendency 


men who have started mining since 
1916, after passing the initial exam- 


BLE 3.—INCIDENCE OF COMPENSABLE LUNG DISEASES UPON THE 
WORKING MINERS 


Rates per 100,000 





L916 


1917 


- of working miners exam- 


14 ,625)1 


licosis: 
ce - ever er 5,046 
luetion 
losis with silicosis: 
luction 
tuberculosis: 


ictlon 


ing maintained. This is the most 
irassing feature of the position 
is today. That this increased 
uction of the disease is not due to 
increased dustiness of the air in the 
ing places is quite evident from 
reports of the officials who con- 
lally supervise these conditions. 
uld, moreover, always be re- 
ered that, although the present 
nce of silicosis upon an industrial 
nunity may be immediately de- 
ned by the present existence of 
es of tuberculous infection, the 
quisite condition of latent. sili- 
, as 1t were, a composite reflec- 
many years’ exposure to dust. 

30 worthy of special remark that 
ally all the cases of silicosis 
form) which have originated 
(‘916 have been in men who 
vorking as miners before that 
nd who had not, therefore, 
quired to pass the initial 
ition of the Medical Bureau; 
more than 7,600 lvuropean 








1917- | 1918—| 1919- | 1920-| 1921- | 1922-| 192: 


t ud 


1O1S | 1919 1920 192] LYZZ 1925 | 1924 


3,066 15,074 15,468) 13 ,682)13 ,457) 12, 691 12. 159 


,646) 4,670; 8,869) 3,273) 3,224 3,198, 3,716 
> ee 


2,938| 2,787) 1,756) 1,950) 2,148) 2,602 


S60 SoZ 163 124 Lvs 149 164 


959 200) 965 322 1633 196 40 


ination, there have been, up to the 
time of writing, only nine cases of 
silicosis in any form. 

The question naturally arises: If 
the increased production of simple 
silicosis 1s not due to increased dusti- 
ness, what is the cause? ‘There are 
two probable explanations: (1) The 
number of long-service miners (and 
therefore the number of those in the 
condition of latent silicosis) has stead- 
ily increased; and (2) these miners 
have been more frequently exposed 
to the determining influence of a 
tuberculous infection. In the year 
1918 to 1919, only about 50 per cent. 
of the working miners had been in 
underground occupation for longer than 
six years; but by the year 1923 to 1924 
this proportion had risen to 60 per 
cent. This tendency for the long- 
service miners to remain in employ- 
ment has also become evident among 
the native laborers; more than 1,000 


experienced natives, of longer than 


five years’ continuous underground 
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l “nfe r= 


tunately, this retention of the services 


service, are now at work. 
of experienced natives has been se- 
cured without the safeguard of the 
periodic radiographic examination to 
which all European miners are sub- 
jeeted. 


natives have been carelessly retained 


The result has been that many 


for underground work after they have 
become tuberculous, and they have 
thus increased the sources of infection 


to which the miners are exposed. 


Native Labore rs 


No aceount of silicosison the Rand 
would did not 
afford some information as to its in- 


be complete which 


cidence upon the native workers, and 
a table, similar to that for the miners, 
Table 4). On 


comparing these two tables it will be 


is therefore provided 


immediately seen that the two classes 
of worker are very differently affected 
by simple silicosis and by simple tu- 
In the vear 1923 to 1924, 


for example, simple silicosis was rela- 


hereulosis. 


tively fifty-six times more frequent 
among the miners, while simple tuber- 
three half 
times more prevalent among the native 


culosis was about and a 


laborers. Tuberculosis with. silicosis 


(which usually appears in our native 
laborers as silico-tuberculcsis) 1s about 
equally prevalent in the two classes. 


ry 


Che relative rarity of simple sili- 


cosis among the natives is merely the 


result of the prevailing shortness of 


their periods of the 


Icuropean miner 1s more or less in per- 


employment; 


manent employment, whereas the na- 
tive usually works for only six or nine 
months at a time, returning to his 
kraal for a year, and often longer, be- 
tween his 


mining werk, 


spells of 
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Nevertheless, about 95 per cent. of th 
native laborers at present employe; 
have worked in the mines on previoy 
oceasions, and it is significant 
almost exactly the same percentag 
them give a positive result to th 
Pirquet test. 

It will be noticed from the tal 
that the annual prevalence of ordinary 
pulmonary tuberculosis has under- 
gone very definite reduction, but ¢! 
this reduction 1s, relatively, not near), 


. 


so marked as among the Europ 
miners. The rates refer, of cours: 
to the whole body of native laborer: 
and, from this point of view, the, 

not reflect an incidence of the dis 

that 
adult males of some of the industri 


much in excess of among t! 


towns of Great Britain. In conne: 
vith the question of the exposur 
the Iuropean miners to special risk: 
of infection, however, it 1s very signifi- 
cant that, in 1923 to 1924, the preva- 
lence rate for this disease among th: 
long-service underground natives, pre- 
viously referred to, was 1,614—nea) 
five times the general rate. 
convenient 
that 
commonly appears in the South Af 


This is a Opportunit! 


to remark simple tubercul 
can native as pneumonic phthisis, 
follows the “infantile” type of the dis 
ease—acute, with marked tendency 
to generalization, and terminating 
tally within two or three months 


xamples of ‘‘monkey”’ tubereu! 





are also frequently encountered, chal- 
acterized by great enlargement of ¢! 
abdominal lymph nodes and th 
white, n 


pearance of large, 


masses in the spleen and liver. 





Rates of production are not & 
in the table, because the Me 


Bureau does not examine and rac 
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-raph all the native laborers at regular 
ryals, as in the case of the Euro- 


losis and of tuberculosis with silicosis 
which are finally discovered. The 


TABLE 4.—INCIDENCE OF COMPENSABLE LUNG DISEASES UPON THE 
NATIVE LABORERS 





(Rates per 100,000) 





miners; exact knowledge as to 

n each case originates is therefore 
ting. The medical supervision 
natives 1s undertaken by pri- 

vy appointed mine medical officers, 
send forward to the Bureau any 
whom they suspect of having 


me the subject of a compensable 


monary disease. When it is re- 


bered that each mine medical 

is In charge of, on the average, 

t 6 OOO natives, and that some are 
] 


nsible for as many as 12,000, it 
appreciated that an individual 


mination of every native at inter- 


of three months is a_ physical 
ssibility. The Miners’ Phthisis 
in recognition of this impossi- 


ty, ordains that the weight of every 


laborer shall be taken and re- 
every three months, and a 
examination made of all those 
ve lost weight. Experience has 
however, that, for one reason 
ther, this system does not lead 
letection of more than about 50 


ryt 


. Of the cases of simple tubercu- 





1916— | 1917- | 1918—- | 1919— | 1920— | 192] 1922 1925- 
1017 LOIS 1919 1920 192] 1922 1925 1924 
we number of nativ: 
ers ee er 191 202 1S0 415,171 ,959 178,571,168 ,547 160,600 179,1S2)178 ,006 
silicosis: 
vaience 17 17 27 70 79 Zé 4] 66 
ilosis with silicosis: 
valence 13] 128 219 220 163 126 1S2 175 
rie tuberculosis: 
valence... 576 924 $s 1-44 LSO 361 0 bes 


result is that many tuberculous natives 
are not detected until they have be- 
come too ill to work; by which time 
they will probably have communicated 
their infection to some of their fellow 
workers, including the [European 
miners. 

In order to mitigate the mischief of 
which the overlooked native “carrier” 
of tuberculous infection is the source, 
[ have lately proposed utilizing, on a 
large scale, X-ray examination by 
means of the fluorescent sereen. This 
method is now undergoing a prelimi- 
nary trial. With the observer seated in 
an X-ray proof cabinet, the individuals 
pass in procession and press the front 
of the chest against the screen, which 
forms part of the wall of the cabinet. 
Any marked pulmonary damage Is 
instantaneously recognized. 


(“ONSTITUTIONAL AND RACIAL SUSCEP- 
TIBILITY TO SILICOSIS 


It is very doubtful whether the 
development of silicosis Is markedly 


predisposed to by age, race, Or any 
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individual peculiarity—other than a 


racial susceptibility to tuberculosis, 
or the presence in the individual of a 
latent apart 


from these exceptions, the incidence of 


tuberculous infection; 
the disease appears to be dependent 
upon only two factors—namely, the 
duration and intensity of exposure to 
silica dust, and the frequency and in- 
tensity of exposure to tuberculous 
infection, 

[t was formerly supposed that the 
that 
itself between the ages of 39 and 42 
indicated the 
special liability to the disease at this 


silicosis commonly declares 


. 


fact 


years existence of a 
period of life; statistical investigation 
has shown, however, that the signifi- 
eant influence is the duration and na- 
ture of the work underground, rather 
than the age. It is of interest to note 
that, while the average age at which 
simple silicosis has most frequently 
declared itself among the European 
miners has varied from 39 to 42 years, 
the 
average age for the occurrence of simple 


from 36 to 41 


in the different annual batches, 


tuberculosis has been 
yea;rs. 

The remarkably slight incidence of 
silicosis the native la- 


simple upon 


hore rs has also been considered as 


suggestive of some degree of racial 
Insusceptibility to the disease; but the 
true explanation of the phenomenon 
is to be found in the fact, already 
stated, that their periods of work in 
the mines are, in the great majority of 
instances, relatively very short. <A 


detailed investigation has 
into the 


about 


recently 


heen made eondition of all 


re 
rhiOse 


natives 1.000 in number. 


and constituting only about 0.57 per 
cent. of 


the total native labor force) 


who have been in continuous under- 
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ground employment for five years 
longer; the results showed that, whey 
engaged in similar work for simils) 
periods, the liability of the native a) 
the European to develop silicosis ha 
been practically the same. The valid. 
ity of this conclusion is also support: 
by animal experimentation, for sin 
silicosis ean be produced with e 





ease In various kinds of small anima 
when they are exposed for the 
periods to similar concentration: 
silica dust. : 
There has long been a theoret 
prejudice, and it still prevails, th 
habitual mouth-breathers will 
tract silicosis more readily than t] 
who inspire through the nose; if 
be legitimate, the special liability 
probably the consequence of associ: 
the lu 
rather than of the more ready a 


tuberculous damage in 








of dust to these organs. The extensi\ 
experience of the Medical Bureau | 
nevertheless neither confirmed 
disproved this supposed susceptibilit 
of mouth-breathers, doubtless becau 
such people are but very rarely fo 
among the miners, and they hay 
been considered as physically fit 
pass the initial examination. 

A very definite susceptibility t 
disease, especially in the form of sill 
tuberculosis, is present in individu: 
of any race in whom previous tube. 
lous infections have produced the slig 
est pulmonary damage, even alth 
the 


completely latent. 


infective process has bec 
The radiogra} 
signs of peribronchial thicket 
especially if it Is 
the 


which is almost always accomp: 


unsyn 


rical), and of asthenie 


by deficiency in weight), are 


definite warnings that the indiv! 
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engages in underground work, 
| develop either simple tuberculosis 
silico-tuberculosis. The intuitive 
nprobation of candidates for mine 
ployment who present the scars 
cervical adenitis, who are deep- 
underweight, and elderly, or who 
from certain places—such as 
ira—is doubtless an unconscious 
enition of the probable presence 
ich people of latent pulmonary 
ve of tuberculous origin. 


1 Hazarp OF CERTAIN UNDER- 
GROUND OCCUPATIONS 


consequence of the prevailing 


ce of changing from one class of 


to another, there is but a very 


proportion of the miners who 


ilways followed only one class of 


tion. For this reason it is diff- 

allocate to each class of work 

lative responsibility in the pro- 

On of silicosis. There is. however. 

ecupation which is demonstrably 

hazardous, in the matter of pro- 

ng silicosis, than any other, and 

machine drilling. The average 

Ve period for all those who have 

silicotic in each year, from 

vith machine drills only, has 

been markedly shorter (by 

| ten months to twenty-five 

_— ;) than the average effective 

uel for the other new cases in the 
ar. 

explanation of this special la- 

the machine driller is obvious. 

producer of dust, and he works 

to the site of its production than 

else; moreover, if he is en- 





in “development,” he is usually 
i in those places (dead ends 


Lre the Most difhieult to ve! ti- 


ie ntly. 





STAGES OF SILICOSIS 


The stages into which the course of 
silicosis may be divided differ accord- 
ing as we view the disease from its 
clinical or from its legal aspect. 


From the Clinical Aspect 


When discussing “Clinical Forms 
of Silicosis” it was stated that the con- 
dition of simple silicosis is not accom- 
panied by any marked degree of in- 
validism®: if, and when, the condition 
passes into that of tuberculo-silicosis, 
however, an illness 1s established which 
usually runs a course very similar to 
that of ordinary bronchopneumonic 
pulmonary tuberculosis, excepting that 
it advances to a fatal termination with 
much greater certainty and rapidity. 
When the disease has originated in the 
form of silico-tuberculosis, a break- 
down in health is immediately evident, 
and the decline is even more rapid than 
with tuberculo-silicosis. These facts 
lead to the conclusion that, from the 
clinical point of view, silicosis cannot 
reasonably be held to have more than 
two stages—simple silicosis and _ sili- 
cosis accompanied by overt tuber- 
culosis—and that the second stage need 
not necessarily have been preceded by 
the first stage. 

If called upon to assess the capacity 
for work of a silicotic, the Medical 
Dureau simply records its opinion un- 
der one of the four following headings: 

1) “ordinary work;”’ (2) “‘moderate 
work;” (3) “light work;” (4) ‘no 


work at all.” 
From thre Leqal Aspect 


Previous LO the passing of the 1919 
Act, the law in South \frica held the 











employer financially responsible for 
the occurrence of silicosis only if the 
disease had impaired the wage earn- 
had caused, or as- 
death. The enact- 
ment of 1919 enlarged the employer's 


ing capacity, or 
sisted to cause, 
responsibility so as to cover the mere 
presence of the disease during life, irre- 
spective of whether it had been detri- 
mental to the capacity of the worker; 
while the latest (1925) 


similarly unconditional 


law pre- 


seribes a 
award to the dependents if the disease 


Is discovered by postmortem exam- 


inition. 


inder the present law silicosis 1s 


divided into three stages, which 


are 


named and defined as follows: 


{ rn ; Wy | : 7 
‘ inte-primary stage, Wnen it 1s 


found by the Bureau that the earliest de- 


tectable specific physical signs of Silicosis 


are or have heen pres nt; wh ‘ther or not 
capacity for work is or has been impaired by 
such Silicosis; 

(hb) in the Primary Stage, when it is 
found by the 


Bureau that definite and spe- 


cific physical signs of Silicosis are or have 
been present, and that capacity for work 


is or has he n Impaired bv that disease, 


though not seriously and permanently; 
(c) in the Secondar J lage, when it is 


found by the Bureau that definite and 


specific physical signs of Silicosis are OFT 
have been present, and that capacity for 
work is or has been seriously and perma- 
nently impaired by that disease, or when it 
Tuberculosis- 


is found by the Bureau that 


Vi ith-silt -OSIS 1S OF has ys gt pr sent. 


» remarked that the words 
the 


unply 


“has been’ and “have been” in 


foregoing definitions do not 


recovery from the diseas they relate 


— 
to posthumous claims by dependents. 


1) , 
PROGNOSIL 


\ reasonably accurate estimate of 


the expectation of life in a ease of 
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silicosis 1s of 


Ail 


importance to the eff 
cient management of the Compenss- 
fund; 
supreme moment 
dividual. 
Medical became possi 

systematically to collect the requisit 


and it 1s, of course. 
to the affected in- 
With the establishing of } 

Bureau it 


tion 


data, and Table 5 reeords the informoa- 
tion which has so far become availa}! 





It represents the case mortality, 
each year succeeding the year of onset 


of the various forms of compensa) 


lung disease among the Europ 
miners, Over a period of seven Vi . 


1 


Deaths from causes 


the 


entirely inde- 
pendent of pulmonary dis 
have been excluded, but it is of inte) 
to note the ratio which they h 
borne, during the whole period, t 
deaths from the lung diseases: In 
thousand deaths of cases originat 


as simple silicosis there have been 


from other causes: In « 


deaths of 
with 


deaths 
thousand eases of tu 


eulosis silicosis. and of sim) 


tuberculosis, there have been ninet 
and twenty-five deaths, respecti 
which were due to other causes. 

It will be seen 
each year following that in whic! 


first deelar d itself, the d 


Table 5) that 
disease 
per thousand of the surviving 
are given in column A, and the d 
per thousand of the original 1 
eases In column 3. The forme? 
vides some measure of the proba! 
that any particular surviving p 
may die In any particular year; 

the latter suggests what the mo 

among the original number o! 

will have amounted to by the 1 
any particular year. 

(he rates in column B, und 
different headings but especially 


“Simple show 


r , y ] ° $7 
Puberculosis, 
/ 
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e eff ‘regularity of progression; this 1s 
pensa- mainly because the total number of 
se, of ases available for tracing over the 
ed in- nger periods, as shown in parenthesis 
of th fter each rate, tends to become 
bl inefficiently small. 
WUisit ‘he question of forecasting the 
orma- bability that a case of simple sili- 
ab) sis will become overtly tuberculous 
tv, it ; been considered in a former sec- 
onset n: it may now be remarked that the 
nsabl spects of life when this change has 
opean urred are here indicated under the 
years ding ‘““Tubereulo-Silicosis.”’ 
Inde- Verhaps the most important dis- 
iseas sure made by this table is the 
teres ked difference in the fatality of the 
ha uses. [t will be noticed that, by 
end of the seventh year, 29 per 
7 it. of cases originating as simple 
dating sis, 46 per cent. of cases of simple 
n berculosis, 86 per cent. of cases of 
eacl rculo-silicosis, and 89 per cent. of 
1] - of silico-tuberculosis, have died 


oe “ 
Wn} ner adisease. 


;, — ees a laces ‘ ' 
FORTS TO PREVENT SILICOSIS 


is entirely wrong, in my opinion, 
h t issume that gold mining cannot be 
red on without giving rise to 

sis in the workers. Hf such an 

umption were true, the question 
eth 


17 *y 
} 


les sant 
i \ pr Ih) 


{ 
‘ ; i ( 


r the industry should not be 
ited would immediately 
r the continuance of any com- 
clal enterprise which necessarily 
lves the sacrifice of even one 
in life is indefensible. A sane and 
cated person would not maintain 
railway transport should be inter- 
ted because many lives are an- 
lv lost upon the railways. This is 
use 1t Is recognized that railway 
ble 


dents are essentially preventa 


i 
i 
| 
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0 





2) 
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cumulative year by year) 
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the 


they have been investigated and pro- 


occurrences; more intelligently 


vided against, the less frequent have 


they hecome. 


Investigation into sili- 
cosis has similarly disclosed the fact 
that it is essentially a preventable 
but 


eidents, the 


disease, that, unlike railway ac- 
results of negligence are 
not revealed until after the lapse of 
many Vears. 

The employers upon the Rand have 
encouraged and liberally supported 
researches into the nature, causation, 
This has 


been done, not only in acknowledg- 


} . . “7. . 
and prevention Ol SLLUCOSIS, 


ment of the moral obligation, but also 
because the law has imposed a heavy 
financial responsibility upon them in 
the matter of compensation for the 
currence of and its 
eommon associate, pulmonary tuber- 
CULOSIS., 
which have been 
the 


tubereulosis 


ihe measures 


taken to occurrence of 


prevent 


silicosis and may be 


roughly divided into: (1) those of a 


mechanical nature, and (2) those of a 
rye i a nature. 
Vechanical [PP “tion 


Schedule AIX of the Report upon 
the work of the Miners’ Phthisis Medi- 
cal Bureau for the year 1918 to 1919 
contains a historical summary of the 
mechanical precautions which had been 
adopted up to that date. 


1 
all these 


Practically 

rere : : P ‘el] P ] ; 
precautions, AS We As THOS" 
more recently introduced, have been 
directed against the creation of dust 
cf (FUNG M4) he 


and toward the supplying 


of the workers with air which 1s free 


from dust and the fumes of explosives. 
\ detailed 


eau lonary 


discussion of these pre- 


measures would not be 


appropriate to the present occasion: 
probably the most beneficial of them 
have been as follows: 


Prohibition of machine drills unless 
vided with an axial water feed; 

Prohibition of the blasting of the 
and round,’’ separately, in the same shift: 

Providing that blasting shall take p! 
only once in twenty-four hours, and aly 
at the end of the shift; 

Prohibition of working in, or entering 
any place the air of which contains dust 





fumes detectable by the unaided senses: 
that 
and of water for dust prevent 


Securing an adequate supply 
clean alr, 
shall be furnished to all working places; 
Providing that no broken rock shal! 
moved unless thoroughly wetted. 


The duty of enforcing these, and 
similarly mechanical precautions, 
carried out by officials of the Depa: 
Minit 


ment of the Government 


Engineer. 


Mi dical Pre Caius 10NS 





The precautionary measures of 
medical nature fall within the provin 
of the Medical Bureau, but bef 
these measures are detailed a 
words may be said about the essenti: 

The Me 
the medic: 
Phthisis A 

fegulations issu 
The 


sole 


characters of the Bureau. 
cal Bureau administers 
sections of the Miners’ 
according to the 
under that Act. 
ducted at the 


eovernment. The members and ot! 


Jureau 1s ¢ 
expense of th 


officers of the Bureau are app: inted 
to. tt! 
members of 1 


and are solely responsible 
The 


Bureau are medical men who art 


government, 


permitted to engage in private p) 
tice, and who are required to de 
their whole time to the work of 


Bureau. The certificates issued 
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sion: Bureau represent either the unani- 
hen sous or the majority opinion of its 
| ombers; they never represent the 
»inion of only one or two. The Bu- 
assembles in full session, at the 

e of every day’s work, to consider 
adjudicate upon the cases which 
been examined during the day. 
medical measures which are of 
yeequtionary or preventive nature 


: » as follows: 


\ person who is not a miner may not go 
a ierground for any purpose unless he has 
examined by the Medical Bureau (the 
ejal Examination’’) and certified not 
iffering from tuberculosis. 
man may become a miner until he has 
ertified by the Medical Bureau (after 
Initial Examination’’) to be free from 
of the lungs, and physically fit in 
Dt 
ireau considers that the scrutiny of a 


cts to follow the occupation, 


ally satisfactory radiograph of the 

forms an essential part of both the 

’ and the ‘“‘Initial’’ examinations. 

man who is employed in under- 

vork must be examined, at a 

lical Examination,’’ at least once in 

ne six months; this examination in- 

the taking of a radiograph. If he is 

to have developed simple silicosis, 

formed of the fact, by confidential 

and is at liberty to take his ‘‘com- 

and retire from the work. If, 

Us ver, he is found to have developed 

Let simple tuberculosis or tuberculosis 

ilicosis, he is prohibited from again 

underground, and must take his 

nsation’’ forthwith. 

discovery at a ‘‘Periodical Exam- 

of any disease calling for medical 

nt—such as syphilis, valvular dis- 

ete or of +s F condition considered 

mitory of tuberculous disease. is con- 

ially intimated to the miner, and he is 

d to consult his own doctor about it. 

oratory examinations of sputum, 

blood, ete., are undertaken as often 
med necessary, and without an 


1 
as to number. 





In all cases of the suspected development 
of tuberculosis, the miner is admitted to the 
Observation Ward of the Bureau, where he 
remains under close medical supervision 
for three days. 

No miner is finally certified to be the 
subject of a compensable lung disease until 
the reaction of his blood to the Wassermann 
test has been ascertained; and, if this be 
positive, the results of specific treatment 
may be awaited in certain cases. 

All the examinations of the Medical 
Bureau are carried out free of cost to the 
examinees, and when an employed miner 
attends for his ‘‘Periodical Examination’’ 
his day’s wage is guaranteed by his em- 
ployer. 

[If the Bureau is apprehensive lest a 
miner be developing a disease of the lungs, 
he is examined again before the expiry of 
the usual period of six months. 

When genuine doubt exists as to the con- 
dition of a miner, and this doubt cannot 
be resolved by further examinations, it is 
the custom of the Bureau to give its decision 
in favor of the miner. 

The Medical Bureau works in close co- 
operation with the South African Institute 
for Medical Research; it is accommodated 
in the same buildings, and is thus enabled 
to utilize the laboratory services, library, 
museum, and postmortem laboratory of 
that institution. 


(CHANGES IN CHARACTER AND INCI- 
DENCE OF (COMPENSABLE 


TY 


LUNG DISEASES 


The Bureau has obtained quite 
definite evidence of the benefits which 
have resulted from the adoption of the 
measures outlined in the preceding 
section. Both the mechanical and the 
medical precautions have fully justi- 
fied themselves, although it is not 
always possible to award the sole 
credit for a particular improvement to 
either one or the other class of pre- 
cautionary measures. Indications of 
progress have been referred to in cer- 


at ; 
tain of the previous sections. but we 


A 


} 
i 
} 
| 
| 
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may them 
fully. 

Improvement tn General Standard of 
HTealth.—It is to be noted, in the first 
place, that there has been a marked 
Improvement in the general health 
This hus been noticed 


now enumerate more 


of the miners. 
and commented upon by several of the 
mine managers who have had long 
experience on the Rand. Some indi- 
this afforded 
by the faet that, whereas in the year 
1917 to 1918 the Bureau confidentially 
advised 323 miners of the existence of 


cation of advance 1s 


some disease or menace to their health, 
only sixty-eight required to be simi- 
larly advised in 1928 to 1924. 
ffect of Initial Hxamination.—The 
justification for the various precautions 
and prejudices exereised by the Medi- 
eal Bureau at its initial examination 
(as outlined under the section ‘“Con- 
stitutional and Racial Suscept ibility’” 
is shown by the incidence of the com- 
pensable diseases upon the Europeans 
this 
The total incidence of these diseases 


upon such 


who have passed examination. 
men since 1916 1s recorded 
in Table 6. 

Of the seven men who developed 
had followed the 
pation of miner before passing the 


silicosis, five oOccu- 
Initial examination. 

The eriticism has often been heard 
that the standard of initial physical 
fitness set by the Bureau 1s unnecessar- 
ily high, and that the stringency of the 
examination therefore prevents many 
workers from obtaining employment. 
not defensible, for 
the only feature of 


Such eriticisms are 
physical fitness 
which is specially stressed 1s that of the 


pulmonary condition, and this has 


6 Sce p. 12¥. 
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been done solely in the best interest; 
of the workers themselves. It is also 
to be noted that, although the Medies| 
sureau has found it necessary to reject, 
on the average, about 60 per cent. 

the candidates, it nevertheless 
passed more than twice as many as ar 


has 


able to secure mining work. 
Reduction in Incidence of All Forn 
of Pulmonary Tuberculosis.—In th 
whole body of working miners th: 
attack rate for simple tuberculosis has 
been reduced from 259 per hundred 
thousand, in 1917 to 1918, to 90, in 
1923 to 1924; while the incidence rat 
with — silicosis has 
fallen in the same period from S860 to 
164 
laborers the incidence rate for simpl: 
has fallen 


1917, to 328. 


for tuberculosis 


¢) 


(Table 3). Amone the nativ 


from 570. i 


in 1923 to 192 


tuberculosis 
I916 to 
(Table 4). 
Appearance of Simple Szlicosis Li 
Less Severe Form.—The production of 
cases of simple silicosis in the ‘“ante- 
first reeorded in 
the year 1920 to 1921, for this stage was 
not legally recognized until August 
1919. 


to the ante-primary stage cases, the 


primary stage’’ was 





In the former year, in additio! 














1 : , - 
alse ase declared lise 





immediatels 
in the “primary stage’ in seventee! 
instances; while during the year 1925 
to 1924 only one case originated in th: 
primary stage. No case has originated 
directly in the “‘secondary stage”’ sinc 
the year i918 to 1919. 

Increased Prospects of Survival 
That th 
disease 1s assuming a less severe typ' 
is indicated by the fact that the p! 
portion surviving, year by year, | 


C'ases of Simple Silicosis.- 


of each year’s batch of new cases 
simple silicosis 1s increasing; for § 
ample, after the lapse of four co! 
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te years, 76.4 per cent. of the 
017 to 1918 eases, 81 per cent. of the 


the pathologie records for the period 
1916 to 1918 with those for the period 


TABLE 6.—INCIDENCE OF COMPENSABLE LUNG DISEASES UPON 
MINERS WHO HAVE PASSED THE INITIAL EXAMINATION OF THE 


MEDICAL BUREAU 





1916— | 1917- 





1917 1918S 
mber of Europeans em- 
ved in underground | 
‘ork after passing the | 
nitial examination. . 621 | 1,737 
Simple silicosis ere 0 Q 
iyberculosis with silicosis 0 0 
Simple tuberculosis. 4 0 0 


191S— | 1919— | 1920— | 1921- | 1922- | 1923- 
1919 1920 1921 1922 1925 1924 





2,741 3,992 | 4,111 | 4,798 | 5,512 | 6,132 
Q l Q) 2 ) Q 
Q Q 0 Q 0) l 
] l t l o é 





1S to 1919 cases, 84.4 per cent. of 
1919 to 1920 cases, and $8.5 per 
ent. of the 1920 to 1921 cases were 


engthening of E ffectrve Pe riod 
those instances (never less than 
‘9 in each year) in which simple 
ilicosis has developed in the ante- 
rimary stage as a result of work on 
e Rand only, the duration of under- 
ound employment prior to the ap- 
earance of the first slgns of the dis- 
-¢ has beeome longer; thus, in 
920 to 1921, the average effective 
riod for these cases was 112 months, 
the shortest period was 53 months, 
nd the longest 122 months; in 1923 to 
1924 the average period for such cases 
was 125 months, the shortest 60 
nths, and the longest 149 months. 
Decrease in Kate nt and Numbe r of 
wotic Lesions Found Postmortem.— 
ne extent of pigmentation and the 
imber of silicotie lesions which are 
ind in the lungs of fatal cases of all 
rms of the disease depend upon the 
imber of silica particles which have 
en incarcerated. A comparison of 





1922 to 1924 shows that the amount of 
pigmentation and the number of sili- 
cotic lesions, as eenerally encoun- 
tered, have markedly decreased; in the 
former period, pigmentation was noted 
as being “in great excess” at 11 per 
eent., and silicotic lesions as being 
‘abundant” at 13 per cent., of the 
necropsies; in the latter period, “great 


excess” of pigmentation was not dis- 
closed in a single case, while in only 
one instance could the lesions be 
Another 
change is also significant. In the ear- 


classed as ‘“abundant.’”’ 


lier years of the work of the Bureau, 
the pulmonary changes associated 
with ordinary bronchopneumonic tu- 
berculosis were never seen in assocla- 
tion with any specifically silicotic le- 
sions; every part of the lung in which 
they might have appeared presumably 
contained a sufficient number of silica 
particles to insure that any develop- 
ment of tuberculous infection would 
assume the form of infective silicosis. 
During the last few years, however, 


specimens have frequently been en- 


countered in which the ordinary 


ee 





a 
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nonpigmented lesions of the common 
type of pulmonary tuberculosis ex- 
isted side by side with ra few silicotie 
lesions. 


QO rier DISEASES AMONG MINE 


. Be ’ 
WORKERS 


The relations between silicosis and 
tuberculosis are so intimate that it is 
not surprising to find that, of all dis- 
silicosis, 
the 
necropsies made 
1916 and 1924, on the bodies 


of Icuropean gold miners who had died 


CASCS associated with 


pul- 


monary tuberculosis is most 


va 
440 


common. In 


between 


from a variety of diseases, active tu- 
the 
lungs in 42.2 per cent. of the examina- 
tions; in 40 these 


accompanied by those of other 


bereulous lesions were found in 


per cent, lesions 
were 
pulmonary diseases, while in 2.2 per 
cent. tuberculosis alone was present. 

Lobar pneumonia was formerly very 
but it 


has been almost completely abolished 


rife among the native laborers, 
by prophylactic inoculation. Despite 
the fact that the European miners are 
this 
it is doubtful whether it is very mark- 


not inoculated against disease, 
edly prevalent among them; in the 726 


lobar 


pneumonia was found to be present in 


necropsies just referred to, 
15.6 per cent., being associated with 
other pulmonary diseases in 8.6 per 
cent., and oecurring alone in 7 per 
cent. of the examinations. 
Rheumatism is very rarely encoun- 
this 
noteworthy because 


tered among the mine workers: 


fact Is specially 


the preve ntion of dust in the under- 


] 


ground places necessitates 


working 


the continual and abundant use of 
water. 

Bright's disease does not appear 
to be more frequent among the miners 
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than among the general populati 


Ankylostomlasis is occasional|) 
but 


lal OTerTs. 


found, only among the nati 
The strongly acid reacti 
of the water naturally present in m 
of the mines is inimical to the lary 
of the worm. 

Miners’ nystagmus, so far as on 
knowledge goes, has never origina 
in a worker either in the gold mu 
Africa 
Primary cancer of the lung was di 


or in the coal mines of South 
covered at four of the 726 necrops 
on Europeans; the specific signs 

silicosis coexisted in only One of the 


Canscs. 


kUuTuRE PROGRESS 


Iuxposure of the workers to dang 
ous dust has been enormously reduc 
of late years, as the result of syst 
That t! 


great majority of the cases of silicosis 


atic and sustained efforts. 








now appearing among the Europeans 
are in those who were subjected to t! 


old conditions is a fact which sug- 
gests that their latent silicosis w 


; bie | 
mainly acquired before dust preve! 
had 


Measures 


tlon measures become 


When these 


ganized On a large scale it was su 


genel 
were first 
posed that they, by themselves, wor 
bring about the suppression of si 
cosis: but subsequent experience 
that 


factor in 


shown the second prerequis 
the 


infection. cannot be 


disease, tubercul 
ignored. 
(‘omplete protection from dust | 
nevertheless not vel been secur 
especially in shaft sinking and d 
and ra 


opment, continuance of 


efforts in this direction 
called for. Any further and mark 


effective pr 


special 


however, 1s ¢ 


pros 
5 ’ 


in 
full and wide ree 


tingent upon 4&4 
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n of the communicability of tuber- 
osis, and of the necessity for taking 
measures for protecting the 

e worker from this infection. The 
frequent sources of the infection 


nderground workers, at the present 





time, are the overlooked cases of silico- 
tuberculosis, and of simple tuber- 
culosis, amony the native laborers; 
these people often show no obvious 
signs, and make no complaint, of 
illness. 
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From the Laboratory of Physiology, University of Toronto, Toronto, Canada 


INTRODUCTION 


HIS research had its inception 

in the previous work of Mr. 

Wills Maclachlan, Consulting 
Engineer, Toronto, on the history and 
methods of resuscitation as applied to 
the victims of electric accidents. As 
a result of this work, it was evident 
that if any progress were to be made 
in this field it would be necessary to 
obtain further information as to the 
actual effect of the electric current on 
laboratory animals. Accordingly, at 
Mr. Maclachlan’s suggestion moneys 
were obtained from the Hydro-Elec- 
tric Power Commission of Ontario, to 
defray the expenses of an investigation 
into the causes of death from electric 
shock and, if possible, to learn if 
anything further could be done to aid 
victims. 
Arrangements were therefore made 
with Prof. J. J. R. Macleod of the 
University of Toronto to carry out 
such an investigation in the Depart- 


in the resuscitation of its 


ment of Physiology under his direction. 
Klectrical facilities were supplied by 
the Hydr -Kleetrie Power Commission 
of Ontarlo. 

The startling and frequently fatal 
results observed when a person comes 
a charged electric 


into contact with 


conductor have excited the interest of 


) _ cs a ee oa , oF . 
*Received for publication Dec, 27, 1926. 


the medical profession since 1879. 
when the first fatal accident occurred 
from a dynamic electric 
Many researches have been 
taken to discover, if possible, the 
cause of death in such cases and 
formulate suitable remedial measures 
to protect those exposed to the pos- 
sibility of such accidents. The mer 
in the field, on the other hand, hay 
been concerned mainly with the per- 
fection of safety appliances and wit 
the adoption of preventive regulations 
in order that these untoward accidents 
may be reduced to a minimum. T! 
practice, now almost universal, 
instructing the field worker in thi 
recognized principles of resuscitation 
has been the means of saving man 
lives. With the 
electric energy in industry, howev 
the number of casualties continues 


circuit, 
under- 


increasing use 


grow, owing either to the lack 
immediate application of the nov 


known principles of resuscitation or | 
fatality in their efficie! 
application. The necessity for furt! 
investigation into these problems | 


spite of 


comes evident. 
REVIEW 


the Goulston 

Lectures of 1913, reviewed and su 
field of elect 

time. He qu 


Jex-Blake (1). in 


whole 
that 


marized the 
shock up to 


140 
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areely from the outstanding work of 


eyost (2) and Battelli (3). From 
. wide study of the reported experi- 
nts on animals and of the records 
| statistics of accidents to human 


oings, he reaches the following con- 


sions and applies them to man: 
_ The existence of an idiosyncrasy 
Jeetrie currents in man is doubtful. 
Death in human beings may oc- 
in different ways: 
a. It may be brought about by a 


) 


rolonged tetanus, causing death by 
sphyxiation ; 


b. By primary heart failure or 
ntricular fibrillation; 

c. By failure of respiration, either 

ugh nerve inhibition or through 
tual damage to the central nervous 
stem , 


d. By delayed death, the result 


‘burns or complications. 


The electrical details are of great 
portance. With high voltages (over 


)00 volts) the brain and the spinal 


rd are more often affected, while 
n lower voltages the heart is the 
al point of action. 

Artificial respiration is recom- 
nded as the only method of treat- 
ntholdingoutanyhope. (Thismay 
nay not be accompanied by so-called 
inter shock,’’ 7.e., stimulation of 

nsory nerves by pressure or blows.) 
part from subsequent minor ad- 
ns to our knowledge of the subject, 
conclusions may properly be 
rded as representing the present 
ral conception of the problem. 
rence must, however, be made to 
work of Jellinek (4) who, by 
rming numerous experiments on 
als and by collecting data from 
eports of a large number of ac- 
s, has contributed much to the 


literature on the subject. Jellinek 
stresses the importance of immediate 
and continued application of efficient 
artificial respiration, particularly when 
the “apparent death” is due _ to 
respiratory failure. He believes that 
if fibrillation of the heart is present, 
the slight massage afforded by this 
measure may have some. beneficial 
effect on the patient. 

Borruttau (quoted in (5)), in 1918, 
from a study of the records of fatal 
accidents in Germany, reported that 
90 per cent. of the fatalities were due 
to ventricular fibrillation and = sug- 
gested that continued artificial respira- 
tion is useless unless evidence is 
obtained that the circulation is intact. 

As a result of his work on dogs, 
MacWilliam (6) also subseribes to 
the theory that ventricular fibrillation 
is the most important factor in electric 
fatalities. 

Scott Ram (7) made an analysis of 
the records of electric accidents in 
England from 1912 to 1921. In the 
majority of the cases, artificial respira- 
tion had been attempted. He points 
out that of those who had received 
over 650 volts, 62.5 per cent. recovered, 
while only 39 per cent. of those who 
had received under 250 volts were 
saved. This gives some indication as 
to the determining factor in the fatal- 
ity. The higher voltages have a 
somewhat selective action on the 
respiratory apparatus, and _ artificial 
respiration is frequently of value; 
while the lower voltages act mainly 
on the heart, causing an irremediable 
fibrillation. Provided proper treat- 
ment by artificial respiration is 
promptly applied, the risks to life are 
therefore decidedly less with relatively 


high voltages than with lower ones. 
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The available records of electrie 
accidents in Ontario to some extent 
these 


tively higher percentage of recoveries 


confirm conclusions. <A rela- 
es , y | +I . . 
Is apparent and may be attributed: 
first, 


the majority of the power lines carry- 


to the nature of the ecurrent— 


ing high tension; and, secondly, to the 
organization and training of the elec- 
trical the prone 
method of artificial respiration. 


worker in pressure 
How 
further to increase the percentage of 
recoveries is the problem with which 
we are confronted. 

An important fact, first observed by 
Prevost (2) and Battelli (3) and later 
confirmed by many other workers, 1s 
the decided difference in the effect of 
similar electric currents on animals of 
different species and, indeed, although 
in a less marked degree, on animals of 
the same species. Great care must 
therefore be taken in the interpretation 
of experimental evidence and in its 
application to man. ‘This is particu- 
larly true in regard to observations on 
the heart. The marked difference in 
the susceptibility to ventricular fibril- 


lation of the heart of the dog and of 


the rabbit is well known, whereas 
there does not seem to be the same 
variability in the reaction of the 
nervous system in these and other 
animals. The effect of the electric 
current on these two systems has, 


however, been clouded by the involve- 
ment of other parts of the body in the 
path of the current. It seemed to us 
important that the problem should be 
reinvestigated by making observations 
in which the electrodes were so placed 
that the and the 


cerebral nerve centers would alone be 


nervous system 


involved. and it 1s with an account of 





THE JOURNAL OF INDUSTRIAL HYGIENE 


these investigations that the present 
report is concerned. 
PRESENT INVESTIGATION 

Inasmuch as the rabbit’s heart j; 
relatively difficult to throw into fibri)- 
lation, it decided to use this 
animal in the majority of the experi- 
ments, and, in the light of the results 
thus obtained, to repeat the obserya- 
tions on a sufficient number of cats and 
dogs to make it possible to form 
opinion as to how far they might 
applicable to man. 


Was 





Equipment 


With the excellent electrical faciliti 
supplied by the Hydro-Electric Power 
Commission of Ontario (lig. 1) w 
were able to obtain currents of an 
desired magnitude. The commer 
25-cycle 110-volt alternating current 
came in through 30-ampere fuses and 
was connected, through a time switc! 
controlled by a potentiometer, to 
3-kilowatt transformer with a ratio of 
10:1. On the high tension side, 
water resistance which could be vari 
100 and 11,000 
In series with the ground 


between ohms \w 
inserted. 
side of the high tension circuit 


‘ 


o-ampere ammeter connect 


For the preliminary experiments, a /- 
to 150 range alternating voltmete! 
with a potential transformer having 
ratio of 10:1 With 
equipment, we were able to deliver 


Was 


was used. 


our electrodes a current of vel 
definite strength for a definite tin 
We enabled 


measure the voltage and the ampe! 


were, furthermore, 
during the actual passage of the « 


rent through the With 
] 


animal. 


sonable care in the adjustment 0! 
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sent electrodes, we could duplicate the ex- 


yerimental conditions very readily. 


applied and according to the exact 
design of the electrodes. For the 
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I'1G. 1.—Diagram illustrating electrical detail used throughout the work. 


Effects of Current 


results were found to vary 
ierably according to the parts of 


] 


dy to waien tne eject Ges Were 





first series of experiments (Table 1 


and in a few preliminary experiments, 


the electrodes consisted of two flexible 
strips of copper, one being 2 by 4 em. 


and the other square with an area o 











144 
2.25sq.em. The former was wrapped 
tightly around a previously shaved and 
moistened hind limb, while the latter 
was curved slightly and fitted on to the 
shaved occiput. 
and 


According to Prevost 
Battelli and other observers, a 
high tension current traversing the 
body between these electrodes will 
but will 
cause disturbances in the brain and the 
spinal cord. 


ordinarily miss the heart 


A total of sixty experi- 
ments with electrodes of this type were 
performed on _ thirty-three animals. 
The primary effects of the shocks on 
each animal have been tabulated in 
Table 1. 

Analysis of this table shows that in 
nine of the thirty-three cases spon- 
taneous respiration occurred following 
the application of the electric current. 
artificial 
brought about recovery. 


In six others, respiration 
The remain- 
ing eighteen animals died. In one- 
half of these the heart stopped beating 
within one minute after the cessation 
five of the 
seven to which artificial respiration 
was applied the heart continued to 
beat 


of the current, while in 


for from two to nine minutes. 
The final four of the fatal 
which no 


-ases 1n 


artificial respiration was 
employed and in which the heart beat 
persisted for from two and one-half to 
three and one-half minutes are grouped 
the 


factor causing death was uncertain. 


by themselves since probable 
lor the other fourteen fatal cases, it 
seems to be fairly evident that the 
heart, quite apart from fibrillation, had 
been damaged in some way by the 


current, since it stopped beating either 


within one minute of the application 
of the electric current or at a 
interval in spite of continued artificial 


would conclude, 


respirat ion. We 
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later 





therefore, that when a current of high 
tension traverses the body from the 
head to a posterior limb, the heart js 
injured in approximately 45 per cent. 
of the Of the others (55 per 
cent.) some die of respiratory failure. 
and it is probable that in those which 
survive very little of the electric cur- 
rent can have passed directly through 
a vital center. 


-aSeS. 





It is to be noted that 
the ratio of these figures may be some- 
what related to that of Scott Ram’s 
figures which have been quoted above. 

These observations demonstrate 
that when the electric current traverses 
the length of the body, it is impossible 
to predict whether or not the heart wi! 
be affected. We therefore undertook 
a second series of experiments in whic! 
the electrodes were applied to the head 
in such a manner that the current 
would pass through the vital centers oi 
the brain, the object being to deter- 
mine the exact condition of current 
strength and the duration causing 
death when these centers alone ar 
involved. 

Using the same electrodes as in th 





previous series of experiments a! 
placing them in various situations 0! 
the head and neck, we found that \ 
were unable to bring about a perma- 
nent cessation of respiration. ‘The 
current was evidently being shunt: 
around the bony skull through 1 
subcutaneous tissues. Electrodes 0! 
different type were then devised «1 
used in all the succeeding experiments 
One of the electrodes consisted 0! 
straight piece of No. 8 copper ¥ 
about 2 inches long, which was ins 
well back in the nasal cavity. | 
second electrode was arranged t 
snugly on the exposed atloido-occip 


ligament. It consisted of a small | 
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gh ssulated to its tip and attached tothe shaped in the form of a horseshoe. 
the end of a piece of heavy copper wire The tip of this electrode was about 


rABLE 1—PRIMARY EFFECT OF SHOCK ON THIRTY-THREE RABBITS 
WHEN ELECTRODES CONSISTING OF TWO FLEXIBLE STRIPS OF 


























a COPPER WERE USED,! ONE APPLIED TO THE HIND LIMB 
“i AND THE OTHER TO THE OCCIPUT 
RABBIT | STRENGTH OF | DURATION OF | SURVIVAL OF ee 
i. NO, | CURRENT CURRENT HEART 
7 | milliamp. | SéC. | min. /sec, | 
ld —" 
me- 9g | 1,200 | 4 Recovered 
is 13 | 1,000 | 2 | . 
| 4 | 1,500 | 2 | “ | 
() 1,600 3 | Spontaneous onset of res- 
ae 22 | 1,500 | } \\ piration after cessation 
PSes 23 | 1,600 | 3 | of current without ar- 
25 | 1,800 | 3 . tificial respiration. 
™ 30 | 1,700 | 3 
4 1,700 | 4 m 
; 1,700 | 2 | ” 
‘ 1,600 ) 1“ 
24 1,700 3 | Recovery after artificial 
S § 24 1 ,600 3 | as | respiration. 
sii 28 1,600 | | 
1 1 SOO ) 
Ing Deaths 
2,000 2 | 9 /— | 
16 1 600 3 3 | 
17 1,600 3 5 
2] 1,700 3 3 /— |} Artificial respiration ap- 
6 | 1.800 4 2 | plied. 
6 | 2,200 3 — /25 | 
10 1,700 2 | | 
| | | | 
Lh 7 | 600 | 2 | — /30 | 
t S | 1,500 | 9 | —/45 | 
- L, SOO | 9 | — | 
19 2 000 3 | 1 /— | 
6 | 1.800 3 | —/20 | 
1,800 3 | No artificial respiration 
s 1,700 } 45 applied. 
2 | 1,800 3 3/30 
1. SOO 4 } 
, 1 SOO 4 2/29 
( 1 S00 f 2 /30 








—_— 





electrode applied to the hind limb was 2 em. by 4 em.; that applied to the occiput 


ire, With an area of 2.25 sq. em. 








ce a 
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0.1 sq. cm. in area and it was main- an anesthetic. It is doubtful if 
tained in the proper position by elastic exists. We have attempted to avoi 


TABLE 2.—RESULTS OF EXPERIMENTS ON TWENTY-ONE ANIMALS IN 


WHICH RESPIRATION DID NOT RETURN AND ARTIFICIAL RESPIRA- 
TION WAS NOT ATTEMPTED, AND WHICH SHOWED NO EVIDENCE 
OF GROSS INJURY TO THE BRAIN OR THE SPINAL CORD 











. | STRENGTH OF | DURATION OF SURVIVAL OF 
ANIMAL NO. ; set ii sie . ; 
CURRENT CURRENT HEART 
' 
milliamp. sec, Mitr. / Sec, 





Small Electrode 














Rabbit 41 | 1.600 | 3 | 5/— 
» 4 1,400 | 34 4/— 
“a 43B | 1,200 | 3 4/45 
«45 800 | 3 6/— 
i 46B S00 | 3 5 45 

48 | S00 | 3 tae 
50 | 500 | 2 $45 
54C | 600 | 13 6/— 
69 | 6500 | é 4/— 
68 | 600 | 2 4/45 
69 700 | 2 Ej 
70 600 | 2 5/15 
Large Electrode? 

Rabbit 76B 1,200 | 2 | 3/— 
7i | 1,100 2 | 6 /— 
78 1,200 | 2 | 4/30 
79 1,200 | 2 | 3/30 
SO 1,200 | 2 | 5 /— 
93 600 2 | 4 

Cat 1B | 1,200 | 2 | 4/30 
2B | 1,600 | 2 6 /— 

7 1,700 | 2 | 7 














t Area, 0.1 sq. ecm. 
> Area, 0.36 sq. cm. 


bands passing through the animal’s’ this possible complicating factor 


1 + 
Au 





] 
(} 
A 


~% 











mouth and hooked on the curved arms waiting after the initial operations 


hoe shaped support. The until the anesthesia had become 


of the horses 
tension of the elastic bands kept the profound. ‘Thus, we have always b 
the electrode firmly in place, thus careful to obtain the eye reflex bi 
insuring proper contact at all times. administering the electric current 
lor this series of experiments, it was though the animal was obviou 
necessary to anesthetize the animal. unconscious. We do not think t! 


There has been some discussion as to our results have been seriously in 


‘tive action’ afforded by enced on account of anesthesia, s 
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RESPIRATORY CENTRE 
































Void 
[N _VASOMOTOR CENTRE 
a 
Pl 
= | 
VAGUS 
Pia. 2.—A vertical section through a rabbit’s head, showing the location 
of the electrodes and the approximate location of the chief centers in- 
volved in the path of the current. 
LE 3—RESULTS OF EXPERIMENTS ON EIGHTEEN ANIMALS IN WHICH 
RESPIRATION RETURNED AND NO ARTIFICIAL RESPIRATION WAS 
\TTEMPTED, AND WHICH SHOWED NO EVIDENCE OF PITHING 
| STRENGTH O} | DURATION OF | RETURN OF VOLUN- 
\NIMAL NO, | “as a | ~ ‘ pena a 
CURRENT | CURRENT | TARY RESPIRATION 
| —_ 
| milliamp. Sec. min. /Sec 
Small Electrode? 
ibbit 43 | 1,200 | 3 — /30 
46 | 600 | 3 | — /3 
49 | 300 | 3 | — /30 
54 | 400 | 2 | [mmediately. 
54B 500 | 2 | Immediately 
55 300 | 2 | — /2 
61 | 500 | 2 | 1/10 
| | 
64 | 300 | 9 | — /20 
66 | 600 | 2 | — /10 
66B | S00 | 2 | — /10 
Large Electrode 
it 72 1 O00 2 1/5 
723 1,100 2 — /30 
70b 1,200 2 —/] 
eC! . io SOO 2 1 45 
94 700 2 Immediately. 
JO 600 2 1/49 
y 1 200 2 Imm diately. 
Ss 1,500 te l 
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mal to recover somewhat from th, 
anesthesia, the desired electric curren; 


there has been no evidence that the 
depth of this affeets them. 


TABLE 4.—RESULTS OF EXPERIMENTS IN WHICH THE CURRENT 
WAS APPLIED FOR TWO SECONDS 





RABBIT NO, 








STRENGTH OF 
CURRENT 


RETURN OF VOLUNTARY 





RESPIRATION 
DEATH AS JUDGE! 





Without Appli- 
cation of Arti- 
ficial Respiration ficial Respiration 


With Applica- 
tion of Arti- 





BY CESSATION 
OF HEART* 











milliamp. min. /sec. min, /sec. | min. /sec. 
Small Electrode? 
64 300 — /20 
09 300 — /2 re 
51 400 si 9 /30 
54 400 — /2 
54B 500 — /2 
61 900 1/10 dee 
50 500 4/45 
49 500 6 /— 
99 B 500 g /— 
a18) 500 cas 
58 500 es Pithed. 
HGC 600 — /10 a 
5AC 600 6 /— 
65 600 4 /— 
HS HOU 4/45 
70 600 “ 5/15 
61B 600 14 
69 700 hea 0 /— 
6° 700 re 3/20 
66B SOO — /10 
62B SOO D 
6.5 SOO Ss |— See 
63B S00 i Pithed. 
O7 SOU Q /— 
66 900 4 |— 
1 No artificial respiration applied. 
\rea, 0.1 sq. cm. 
The procedure was as follows: The was passed between the electrodes f 


animal was anesthetized and cannulas 


were inserted in the trachea and into 


the 


earotid 


The 


atloido-oe- 


cipital hgament was then exposed, the 


special electrode placed in_ position, 


and the other electrode inserted in the 


nasal cavity. 


After allowing the ani- 


ligure 2 illustrates 


a definite time. 
a diagrammatic way the path of 
current and the location of the \ 
centers which it affects. 

In Table 2 we have tabulated 
results of experiments on eight 
rabbits in which the heart beat ceas 


Apr 
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‘hin a few minutes after receiving branes became dark and the pupils 
rrent slectrie currents which varied in dilated. At a later interval (in from 
+rength from 500 to 1,600 mulli- three to six minutes) the heart could 


TABLE 4.—Concluded 





7 | RETURN OF VOLUNTARY 
| RESPIRATION 
DGE] STRENGTH OF 


ON BBIT NO. 








DEATH AS JUDGED 
BY CESSATION 








CURRENT 


milliamp. 








Without Appli- 
cation of Arti- 
ficial Respiration 


min./SeC. 








With Applica- 
tion of Arti- 
ficial Respiration 
min. /sec. 





OF HEART! 


min. /sec. 





13 600 | 4, 
96 | 600 | 1 /45 he 
96B | 600 | cea 2 /15 
94 | 700 Immediately 
75( | SOO 1 /45 ci 

2 | S00 | 6 /15 
i3 | S20 “ 3 /— 
72 1,000 1/5 oe 
72C 1,000 - Pithed. 
2B | 1,100 | — /30 
77 | 1,100 | _ 6 /— 
75B | 1,200 | — /] : 
76B | 1,200 | th 
78 1,200 | 4 /30 
79 1,200 | 3 /30 
80 1,200 | rv 5 /— 
76 1,200 | 3 /20 

SI | 1,200 | 5/45 
82 | 1,200 7 re 
ri | 1,500 Pithed. 
S1B | 2 000 Pithed.4 
S4 2 000 Pithed. 
83 2 300 Pithed.‘ 





\rea, 0.36sq. cm. 


\rtificial respiration applied. 


peres and were applied for one and 
alf to three and one-half seconds. 
ihe application of the current, 


no longer be heard. 


Subsequent ex- 
posure of the heart revealed no evi- 
dence of fibrillation and at the point of 


animals went into a generalized contact of the electrodes there was no 
iction which was maintained for visible destruction of tissue. Appar- 
uration of the shock. Whenthe ently death in these cases was purely 
nt was broken, a few clonic’ of the asphyxial type. 

lisions occurred, followed in a few In a certain number of instances, the 


is by complete muscular relaxa- electric current did not cause death, 


during which the mucous mem- and respiration returned voluntarily 
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after a variable time had elapsed. 
These have been listed in Table 3. 
Comparing this with Table 2, it may 
be seen that in the majority of in- 
stances the fatal cases received more 
current than did the nonfatal. In the 
ease of amperages which might or 
might not be fatal, it is possible that 
the electrodes were so placed that the 
mass of the electric current missed the 
vital There appear, 
however, to be a more or less definite 
border line between fatal and nonfatal 
amperages and one can say that with 
the smaller electrode the fatal amper- 
age is between 600 and 700 milliam- 
This 
is perhaps better illustrated in the 
experiments shown in Table 4 in which 


centers. does 


peres applied for two seconds. 


the time of application of the current 
the method of applying the 
electrodes were kept constant and the 


and 


results have been grouped according 
to the number of amperes which were 
passed through the animal. The fig- 
ures show that the proportion of these 
which died or presumably would have 
died, had respiration 
been applied, increases approximately 


artificial not 
parallel with the amperage until a 
point is reached where gross damage 
This dam- 
as will be shown later, always 
the capacity of the 
contact area is not sufficiently large to 


to the tissue takes place. 
age, 
occurs when 
carry the current. When there is no 
damage to the cord, it may be said 
that the 
proportional to the amount of current 


seriousness of the result is 


which the animal receives through its 


vital centers—v7z., respiratory, vaso- 
motor, ete. 

In this connection 1t may be noted 
Tables 2 and 4) that fatal apnea was 


produced by electric currents varying 
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greatly in amperage when the size of 
the electrodes on the atloido-occipits 
membrane was also varied. For ex. 
ample, when the electrode with an areg 
of 0.1 sq. em. was used, a current of 
600 milliamperes was sufficient to caus 
a fatal apnea. When the area was 
increased to 0.36 sq. em., 1,200 milli- 
amperes were required. The explana- 
tion no doubt lies in the fact that, in 
any conductor, the current density at 
any point is directly proportional 

the area at that point. Therefore, th 
smaller the electrode, the more con- 
centrated is the current and the greater 
is the damage to the tissues in its pat! 





Artificial Respiration 


Having determined the approxima! 
conditions under which fatal results 
are to be expected, we then proceed 
to study the effect of artificial respi 
tion on animals that had been given s 
shock which, in the vast majority of 
instances, was of sufficient amperage 
to be fatal. A total of thirty suc! 
experiments are collected in Tables 5 
and 6. 

Artificial respiration was applied 1 
from one to five minutes after 
electric current had been switched of 
and was maintained until either 
covery had taken place or definite 
evidence of death established. 

We were able to bring about recovery 


was 


in twenty-five cases (Table 5) and 
failed to do so in five (Table 6). In 
the first 
tempt at voluntary respiratory ef! 
observed to occur within tv 
minutes after the shock in one-third 
the cases, 


those which recovered. 
was 


while in the remainde! 
longer interval elapsed—as much 


twelve minutes in one 


Case. 


respirations were at first irregular 4! 
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Ze of sasping in character but in a few were the most delayed, the gasps suc- 
pital nutes they gradually became more ceeded one another at the same rate as 
r @x. 
ares 3LE 5.—RESULTS OF EXPERIMENTS ON TWENTY-FIVE ANIMALS IN WHICH | 
~% RESPIRATION RETURNED AFTER ARTIFICIAL RESPIRATION WAS 
| APPLIED, AND WHICH SHOWED NO EVIDENCE OF PITHING 
Kaa . a ees | —— ~ _ | Ste ate 
Was | | rIME RETURN OF | | 
i | | Peindeieenontel | Raiavcansdcedotinl | TOTAL TIME 
janet 7. RESPIRATION | RESPIRATION | — es 
— “ake. wb. STRENGTH OF | DI RATION OF | WAS BEGUN | APTER APPLI- | FROM CESSA- 
CURRENT | CURRENT | AFTER CES6A- | CATION OF | sheienat led 
a | ee ek pesanct-038 | CURRENi 
| | TION OF | ARTIFICIAL" | | 
\ | | CURRENT | RESPIRATION 
ul milliamp. | sec, min. Sec min. /sec. | min. (sec, 
| Small Electrode} 
a 
bit 49B 500 1} | { 2 6) 
51 400 2 5 4/30 9 /30 
55 2B 500 2 } 4 ‘ 
56 500 2 | 4 S 
61B 600 2 2 12 14 
62 700 | 2 2 /20 | 3 /20 
; 62B | S00 | 2 2 3 | 5 
63 | SOO 2 ye 6 s 
r 66C | 900 2 2 2 } 
67 | S00 | 2 3 6 9 
“ 4 | 900 2 2 1/20 : /20 
V - _— ee ee — — 
rag Larqe Electrode? 
it 73 820 9 3 5 | 
| 75 600 Momentary 3 2 /30 5/30 
16 1,200 2 1 90 1/30 | 3/20 
| 8] 1,200 2 3  /45 3/45 
SZ 1,200 2 2 Y 7 
) 85 | 1,200 Immediately 9 | 9 
S6 1,500 ; | — /30 | 1 30 
89 600 | { 2/15 — /15 | 2 /30 
mM 90 600 | 5 2 | 3 
he 92 | S00 | 2 | 2/15 | 6/15 
very 96B 600 | 2 1/45 — /30 | 9/15 
and 1,200 | 2 1 /40 | 1 /20 | 3 
I ‘ 3 | 1,700 | 2 1/45 2 | = 3/45 
} 6 | 1,100 2 3/45 t /45 | 8/30 
rea, 0.1 sq. cm. 
\rea, 0.368q. em. 


rtificial respiration was accompanied by heart massage. 


lar and approximated the normal. 
some instances, notably those in 


had been applied. When 


| the initial voluntary respirations 


that at which the artificial re 


spiration 
sufficient 


recovery had taken place and artificial 
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respiration could be withdrawn, the 
respirations gradually became normal 


TABLE 6. 


ligament had been badly charred and 
in some eases had been burned. 
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TION DID NOT RETURN, AND WHICH SHOWED GROSS 
LESIONS AT AUTOPSY 





RESULTS OF EXPERIMENTS ON TEN ANIMALS IN WHICH RESPIR. 








DURATION 
OF 
CURRENT 


OF 
CURRENT 


| STRENGTH | 
ANIMAL NO. | 


} 


milliamp. | 


Sec, 





TIME ARTIFICIAL 
RESPIRATION 


WAS B 


AFTER CESSATION 


EGUN 


OF CURRENT! 


GROSS LESION AT 


AUTOPSY 





Small Electrode? 











Rabbit 58 500 2 Not applied Cord burned. 
° 63B S00 | 2 Not applied Cord burned. 
64B 700 | 2 1 min. Cord burned. 
Large Electrode 
tabbit 72C 1,000 2 Not applied Pithed. 
74 1,500 2 Not applied Pithed. 
S1B 2,000 2 2 min. Severe burn and hen 
rhage. 
83 2,300 2 [Immediately Slight burn on 
pithed. 
” S4 2 000 | 2 Immediately Pithed. 
SS 500 X | Immediately Pithed. 
Cat LB 1,000 2 Not applied Pithed. 











had taken place. 

* Area, 0.1 sq. em. 

> Area, 0.36 sq. em. 
in character. It is evident that in the 
delayed cases the depression of the 
respiratory center Was more pro- 
nounced than in the others in which 
The 
that 
respiration adequately ap- 
LO 


recovery in about (by per cent. of the 


the period of apnea was shorter. 
however, 


significant thing is, 
artificial 
plied was sufficient bring about 
cases, 

In the five cases in which artificial 
respiration failed (Table 6 


examination revealed that 


, subsequent 
gross dam- 


age had been done to the spinal cord 


or the medulla. 


The atloido- ecipital 








head 


of 


the 


electrode 


had 


1 In the cases where artificial respiration Was not applied, it was obvious that pithing 


in Si! 


instances penetrated half through t! 


cord. 


This damage we shall deseri! 


as pithing, and in fact the anima! 
such cases behaved in all respects | 


a so-called “pithed”’ animal. 


Pithing occurs, as we have stat 


above, whenever the capacity of 


contact area is insufficient to carry | 


current, 


or. 


in other words, 


when 


resistance at this contact point 4 


not allow the current 


to flow fre 


This contact area is composed on 


one side of the atloido-occipital 1)) 


] 
brane, 


the 


resistance oOo 


f w 


hich 
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1 and  secome increased as a result of drying, 
The sjeh. as may occur after prolonged 


i\ 14 
1 


= application of the current. One would 


eee 5 AV} . 
aRA- herefore expect that with the larger 


lectrode (0.36 sq. cm. in area) a 
——— sreater volume of current could be 
carried without causing damage be- 
use of the decreased concentration of 
rent per unit area. On the other 
,and, the passage of an electric current 
a ‘hrough a conductor of relatively high 
resistance (such as tissue) generates 
ane eat and as a result charring occurs, 
nd the greater the resistance the more 
ickly does this occur. Thus a cur- 
— rent of 1,000 milliamperes flowing for 
. seconds through an electrode hav- 
x an area of 0.1 sq. em. frequently 
roduces pithing, while with an elec- 
de with an area of 0.36 sq. cm. it 
quires at least 2,000 milliamperes, 
ipplied for the same length of time, to 

oduce a similar result. 
The limitations introduced by this 
or became of importance in our 
— next experiments, which were planned 
me r the purpose of studying the effect 
remedial measures other than arti- 
ial respiration. Since it was neces- 
to apply an electric current which 
id so injure the respiratory center 
. th t artificial respiration in itself was 
rib icctive in restoring the animal, 
al iD ihe current was increased, but usually 
n 2,000 to 2,500 milliamperes 
given pithing occurred even 
at n the larger electrode (0.36 sq. em. 
4) was used. Pithing also oc- 
d when a current of only 500 to 
illiamperes was applied for a 
does r period (three to five seconds). 
re, therefore, forced to abandon 

ethod of procedure. 


len- '¢ were satisfied, however, that the 


hank ] 
Which we were able to employ 








without causing gross damage to the 
spinal cord was insufficient to injure 
permanently the respiratory center and 
that prompt and efficient application 
of artificial respiration practically al- 
ways assured recovery of the animal, 
provided it was started within five or 
six minutes following the application of 
the shock, since at longer intervals 
irremediable damage had been done to 
the heart. It was further found neces- 
sary to maintain the artificial respira- 
tion for a considerable period of time 
after the first appearance of breathing 
by the animal itself. In some in- 
stances in which the application of 
artificial respiration had resulted in a 
return of natural breathing, it was 
noted, for example, that immediate 
withdrawal of the artificial measures 
was followed by the cessation of the 
animal’s own efforts (Chart 4). Re- 
application of artificial respiration in 
such cases was usually successful in 
bringing about complete recovery. 
In other cases where the current was 
not so great, the momentary applica- 
tion of artificial respiration was all that 
Was necessary to restore natural 
breathing. One cannot emphasize too 
much the necessity of early and con- 
tinued application of artificial respira- 
tion in electric accidents. 


C'ounte a Shock 


There has been much discussion in 
the past with regard to the efficacy of 
so-called “counter shock” or “counter 
stimulation.’ The men in the field 
have repeatedly observed that the 
victim who falls from a height, follow- 
ing an electric shock, is more readily 
resuscitated than one who does not 
have such a fall. This has’ been 
attributed to the mechanical stimula- 
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tion resulting from the body’s striking 
the ground. This idea has led to the 
employment of some rather drastic 
measures of treatment. 
of the value of such 


The evidence 

treatment has 
never been convincing and the recent 
work of Campbell and Leonard Hill 
S) goes far to discredit it. We have 
further evidence which confirms this 
view. 

Since counter shock by mechanical 
means must act by bringing about 
stimulation of sensory nerves with a 
resulting reflex excitation of the respir- 
other vital centers, our 
experiments have consisted in stimu- 


atory and 
lation, with faradie shocks of moderate 
intensity, of the central end of the 
rabbits which had 
fatal electric 
shocks in the manner described above. 


sclatie nerve in 


received apparently 
obtained when 
artificial respiration was not at the 


N O rece yverles were 


same time applied. lurthermore, no 
evidence could be obtained, either in 
the behavior of the animal itself or in 
the arterial blood pressure tracings, to 
show that such stimulation was having 
any reflex effects (Chart 6). Even in 
those cases in which the animal was 
kept alive by artificial respiration it 
was impossible to detect any reflex 
effects on blood pressure or any im- 
provement in the rate of recovery. 
We were, therefore, forced to conclude 
that 
monstrable effect on resuscitation from 


counter stimulation has no de- 
electrocution in laboratory animals. 
(, rapl ic Records 
Graphic records of the earotid blood 
pressure and of the respiratory move- 


the 
work. 


most of 
this 


ments were taken In 


experiments throughout 
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The curve of the blood pressure during 
and following application of the ey. 
rent may be divided into severa| 
phases. These are shown in Chart |. 
in which the time is also indicated jy 


one-second intervals. The abscisss 
is indicated on each chart. We shal! 





discuss first the general behavior of th 
tracing in each group of experiments 
and then consider the causal factor for 
ach of the phases. 

Chart 1 (that of rabbit 61) is typical! 
of the group in which spontaneous 
respiration took place following thi 
passage of the current. After apply- 
ing the smaller electrode (0.1 sq. en 
to the exposed atloido-oecipital mem- 
brane, 500 milliamperes were given to! 
twoseconds. During that time (phas 
1) the animal was in a general to! 








convulsion and the heart was stopped 
When the current was broken, co 

plete muscular relaxation followed and 
the blood pressure fell momentarily 
(phase 2) and then rose rapidly 

about twice its normal height (phase 3 
During the rise two or three irregu! 
beats of the heart can be made out 
the tracing, but at the peak they su 
denly change to a 
rhythm. 


again until it stood at about one-! 


rapid, regu 
The blood pressure soon 


the normal level (phase 4), at whic! 
remained for about five seconds, wh 
a slight rise again occurred (pro! 9 
After about 
and a quarter to two minutes, the de 


due to asphyxia). 


indentations which mark the retur! 
gasping respirations became evident ' 
the curve (phase 5), and as thes 
came more regular the blood press 
gradually returned to about its nor! 
level. 
Chart 2 


rabbit 77) is typica 


those experiments in which a 
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) 


int of current was used without 
attempt at resuscitation. The 
‘| received 1,100 milliamperes for 
seconds through the larger elec- 
area 0.36 sq. em.) applied to the 
rane. The behavior of the curve 
ich the same as in Chart 1, except 
there 1s no evidence of the second- 
asphyxial) rise in blood pressure 
se 5). This rise is, in fact, rarely 
inthis group. The cardiac pulsa- 
: gradually become very faint and 
to register on the tracing in about 
minutes, although they can usu- 
be heard with the stethoscope for 
it six minutes. 
he effect of the application § of 
ficial respiration on the blood 


ssure of animals which have re- 


ed an apparently fatal shock is well 
wn in Charts 3 to 6. In the 
ority of these, it will be noted that 
immediate response to the shock 
.in phases 1, 2, and 3) is similar to 
shown in Charts 1 and 2. The 
ing in Chart 3 is fairly typical. 
two minutes and twenty seconds, 
n the blood pressure had fallen to 
in a few millimeters of the base 
artificial respiration was applied. 
blood pressure immediately com- 
‘ed to rise and in less than one 
ite natural respirations set in, 
wed by a return of the blood 
sure to or above its normal level. 
other tracings vary only in the 
i response to this treatment; this 
‘appear to depend partly on the 
ty of the shock and partly on the 
ptness with which artificial respl- 
is commenced. Chart 4. Is 
ularly interesting, since it shows 

- of immediate responses to the 

d application for short periods 


ficial respiration, each period of 


recovery being followed by a fall in 
blood pressure, until after several such 
trials natural breathing set in and the 
pressure was sustained. It would 
appear that the primary effect of 
artificial respiration is to supply to the 
muscles of the heart properly oxygen 
ated blood and thus provide for its im- 
proved action. An equally important 


effeet is, of course. the coneurrent 


supply of oxygenated blood to the 
eenters of the brain, assisting mate- 
rially in relieving the block to those 


eenters, 


( ‘WUSE of Phi Howe A Obse ree df 


luxperiments were now undertaken 
to determine, if possible, the exact 
cause of these phenomena. With this 
object In view, while the blood pres- 
sure tracings were being taken the 
heart was direetly observed through a 
window in the chest wall. Rabbits, 
cats, and dogs were used in these 
observations with essentially similar 
results. 

( vrculatory Syste m.—| Juring the 
period of the passage of the electric 
current phase 1), the heart was seen 
to be completely inhibited in the rab- 
bit and the dog, while in the eat the 
Inhibition was not so complete al- 
though the beats were not of sufficient 
foree to register on the tracings. This 
Inhibition of the heart is the result of 
stimulation of the vagus centers, as 
was demonstrated by the following 
expermments. A rabbit was prepared 
in the usual manner and the Vag were 
dissected and severed ai the level ot 
the cricoid cartilage. On the passage 
of the current, the heart was found to 
be inhibited to a much less degree than 


when the vagli are intact. Sufficient 


OO 
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atropine was then injected intrave- 
nously to block effectively the vagus 
nerve endings in the heart (as tested 
by stimulation of the peripheral end 
of the vagus). 
the injection, the heart was in no wise 
affected by reapplication of current 
This 


show that when the vagi are intact the 


through the eleetrodes. would 
stimula- 
The faet 
that following section of the vagi some 


heart is inhibited through 


tion of the vagus center. 
inhibition is obtained is 
that 
inhibitory fibers to the heart. 


degree of 
extravagal 
When 


these are controlled by the administra- 


evidence there are 


tion of atropine no inhibition is 
obtained on the passage of the current. 
The the 


paralyzes the vagus center itself so that 


passage of eurrent also 


é 


the heart cannot be inhibited reflexly 
for some time after its passage. In 
the tracings of Chart 5 it can be seen 
that, before any current was applied, 
stimulation of the central end of one 
vagus nerve caused a distinet (reflex) 
fall in blood pressure. After appliea- 
tion of the current, natural breathing 
was absent and artificial respiration 
had to be apphed. During this stage, 
stimulation of the vagus, as before, had 
no effeet on the blood pressure, TOF did 
any effeet become evident until some 
time after normal breathing had _ re- 
the conjunctival reflex 


turned and 


could be elieited., This result is in- 
terpreted as showing that a complete 
bloek had established at the 


Vagus nerve center, as 


been 
a oresult of the 
passage of the current 

It was usually observed that, in 
addition to a more or less complete 
the 
passage of the current, the venous side 
of the 


inhibition of heart during the 


eirculation becomes 


greatly 


In a few minutes after 
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distended with blood, this eond 
resulting from the combined effe: 
the generalized tonic contraction | 
the muscles in the body and stin 
tion of the vasoconstrictor cent: 
foreing the blood into the Venous 
of the cireulation. The sudden ce 
this 
current is broken, momentarily re 


tion of tonic spasm, wher 
the pressure on the arterial side so 
the blood pressure falls (phase 2 
The rapid increase in blood pre; 
which Immediately follows this 
mentary fall (phase 3) oceurs be 
the blood which had accumulat: 


the venous side is being foreed int: 


arterial side of the circulation, 
while this is happening the heart | 
are very powertul. That the wh 


arterial tree is affeeted is shown | 
Increase in kidney volume synchro! 
with the rise in hlood pressure. \. 
soon as the exeess of load has hee 
the 
relatively normal in character but th 


delivered, heart beats be: 
rate 1s ereatly increased, It may 
interesting to note here that the 


hlood 


marked in the cat as it isin the. 


crease In pressure Is ney 
This is probably (| 


the eat’s 


and the dow. 
the faet that 
completely Inhibited during the 


heart | 
sage of the current. It may be) 
also, that this rapid inerease in 
pressure is a probable cause of 
of the eapillary hemorrhages 
microscopic examination reveals 
brain and the spinal cord. 

The blood pressure remains 
high level for a few seconds an 
falls more or less rapidly until th 
The 


pressure which soon follows t! 


phase 4 


level is reached 


phase 4) is due, primarily, 


veneralized vasodilatation — res 
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EXPERIMENTAL ELECTRIC SHOCK 


‘rom inhibition of the vasoconstrictor 
nerve center similar to the inhibition 
jeseribed in the respiratory center. 
rhe result of this can readily be dem- 
nstrated by kidney volume tracings 
nd by direct observation of the 
essels, Which are usually found to be 
markedly dilated at this time. We 
nsider this inhibition of the vascular 
‘one to be of the greatest importance 
as a cause of death, since the blood 
thereby stagnates in the peripheral 
The systemic circula- 
tion becomes embarrassed because of 
the inadequate blood supply to the 
heart and the heart beats with rapidly 
lecreasing foree till in five or. six 


at di Ye vessels. 


ninutes it stops entirely. 

in an animal which has received a 
sublethal dose of current this paralysis 
‘ vasomotor tone is not complete, and 
requently a secondary rise in blood 
pressure aecompanies the onset of 
asphyxia such 
voluntary respiratory efforts usually 
ppear shortly after the recovery in 


(phase 5). In ases 


iood pressure, although in some cases 
rtificial respiration may have to be 
pplied. 


n of this rise is that the vasocon- 


The most probable explana- 


ctor and the respiratory centers 

ve not been so profoundly affected 

it that they can be stimulated by the 
accumulation of earbon dioxide in the 
od 


vervous System.—In an endeavor to 
‘termine whether any constant path- 
vic lesion of the nervous system is 
with the passage of the 
tric current in the de- 
ed, the brains of the majority of 


oclated 


manner 


inimals were removed and _ sec- 
| in paraffin by D. J. 
¢ the phenomena produced by the 


Cry 


sowie. 


~ ’ r 


are apparently those of a more 
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or less temporary nerve block, it was 
not expected that any typical lesion 
would be found. It has been demon- 
strated that short periods of asphyxia 
alone produce definite changes in the 
structure of both sensory and motor 
nerve cells, those of the cerebellum and 
the cerebrum being the most sensitive. 
One must, therefore, take great care in 
the interpretation of similar changes 
before attributing them to the action 
of the electric current as such. Tor 
the present, we have concentrated on 
the occurrence of capillary hemor- 
rhages in the brain and the spinal cord, 
since many writers state that this is 
the most constant feature of death by 
electric shock. 

It was at first thought that these 
hemorrhages might possibly be as- 
sociated with failure of the cardiac 
and the respiratory centers of the 
medulla, but the study of a great many 
sections failed to produce. sufficient 
evidence for assuming that there Is any 
such association. While small hemor- 
rhages were frequently found in the 
proximity of the dorsal motor nucleus 
of the vagus nerve, they were just as 
frequently found in other parts of the 
brain and the spinal cord. Hemor- 
rhages were somewhat more frequently 
found at the root of the acoustic and 
the facial No. definite rela- 
tionship could be made out, however, 
between the severity of the shock and 
the presence of these hemorrhages in 
any part of the brains. 


nerves. 


Animals which 
had received a sublethal dose of cur- 
rent sometimes showed on subsequent 
examination as severe hemorrhages as 
a definitely fatal case, while in some of 
the fatal cases no hemorrhages could 
be found. 


()n the other hand, some- 
what similar hemorrhages were found 
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in the brains of animals which had not 
heen subjected to an electric current. 
When hemorrhages do occur in animals 
subjected to an electric current they 
are, therefore, as stated above, most 
probably due to the sudden great 
increase in blood pressure which fol- 
lows the passage of the electric current 
through the body, and not to the local 
effect of the current. Their presence 
is probably not an important factor in 
death from electricity. 


SUMMARY 


The initial effeet of the passage of 
the alternating current threugh the 
brain is intense stimulation of all the 
centers in its path. There is a gener- 
alized muscular contraction which, to- 
gether with a pronounced vasoconstric- 
tion, results In a great accumulation of 
blood in the venous side of the cireula- 
tion. ‘The stimulation of the vagus 
center causes inhibition of the heart, 
an effeet which, to a large extent, can 
he obviated by section of both vag. 
That total 
Inhibition of heart 


there jis not absence of 
the 


procedure is evidence that there are 


with this 
extravagal inhibitory fibers, and when 
with atropine 
there is no inhibition of the heart on 


these are controlled 
the passage of the current. 
When this 


period of stimulation is followed by a 


the current is broken, 
period of profound inhibition or pa- 
ralysis of all these centers. The animal 
becomes limp and unconscious; respir- 
atory movements are absent; the eye 
reflex be eheited; the blood 
pressure rises to almost the 
normal and then falls with the dilata- 
tion of the blood vessels even although 
the heart beats at an increased rate; 


cannot 
twice 
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there is no reflex response to sensory 
stimulation (stimulation of the central 
end of the cut sciatic nerve, Chart 6 
and severe stimulation of the centra] 
end of the cut vagus has no reflex effec 
on the heart (Chart 5). 

That this paralysis may be only 
temporary Is shown in our experiments 
by the fact that artificial respiration 
brought about recovery in all cases iy 
which no gross damage to the brain or 
the spinal cord had been done by the 
heat generated at the point of applica- 
tion of the electrodes. That gradual 
recovery may follow the period of 
paralysis is clearly shown in Charts 3 
to6. With the return of consciousness 
all the return, 
majority of instances 


and in the 
there is an 
interval of only a few seconds between 
the initial breath and _ their 
(Charts 5 and 6). The failure to 
recognize a constant definite patho- 


reflexes 


return 


logic lesion in the brain or the spinal 
cord of an animal subjected to an 
electric shock is also evidence that the 
paralysis may be of only a temporary 
nature. 

[t seems, therefore, safe to conclude 
that 1t is the nerve centers themselves 
that are paralyzed by the passage of 
the current, so that impulses reaching 
them are completely blocked and the 
normal rhythmic discharge of the 
This ex- 
plains the failure of counter stimula- 
tion as an aid to resuscitation. It also 
explains the failure to obtain reflex 
vagal inhibition of the heart in th 
shocked animal. It is only after th 
application of artificial 
with efficient aeration that the inhib!- 
tion can be to pass ofl 
Furthermore (as shown in Chart 4), 
it is exceedingly important that artifi- 


respiratory center ceases. 


respiratl yn 


observed 


April, | 
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cial respiration be commenced early 
and be maintained for a_ sufficient 
length of time. 


(“ONCLUSIONS 


|. The experiments herein described 
nfirm the deductions of previous 
bservers as to the cause of death in 
lectrie shock: namely, that 1t may be 
lue to primary cardiac failure, to 
primary respiratory failure, or to a 
combination of both. 

2. In laboratory animals, when the 
urrent traverses the body from the 
ead to a hind limb, about 45 per cent. 

the deaths are of purely cardiac 
rigin. ‘The remainder of the deaths 

‘cur beeause of failure of the respira- 
rv movements. 

3. In these, as in the group in which 
current 1s passed directly through 
brain, a condition of profound 

iralysis or block becomes established 

the respiratory, vagus, and vaso- 
otor centers. 

!. That the block involves these 

enters is shown by experiments which 
onstrate clearly the absence in 
ctrocuted animals of reflex effects 
mally functioning through them. 


~~ 


nee the nerve centers become insen- 
stimulation is not an aid to recovery. 

)». No definite histologic changes 
can be made out in the brain to account 
or the symptoms. The capillary 








hemorrhages which occur do not 
appear to be significant. 

6. The foregoing experiments also 
show definitely that when the electric 
current does not eause charring of 
nerve structures the paralysis or block 
is recovered from and the reflexes 


return, provided efficient artificial 
respiration is applied. 
7. It is of the greatest importance 


that artificial respiration be apphed 
early and be maintained for a sufhicient 
length of time. Owing to the nature 
of the block in the nerve centers the 
ordinary tests for death should not be 
accepted and “nothing less than cool- 
ing of the body or the onset of rigor 


mortis should be eonsidered to be 


evidence of death.” 


The thanks of the writer are due to Pro! 
J. J. R. Macleod for his stimulating interest 
and helpful eriticism; to Mr. Wills Mac- 
lachlan, Consulting Engineer, for his kindly 
advice and assistance throughout the prog- 
ress of the work; to Dr. R. ik. Gaby, 
Surgeon, for his assistance in the earher 
stages of the experimental work and for | 
notes from his clinical cases; to Mr. F. Lh. | 
Harrison, Electrical Assistant, High Ten- 
sion Laboratory, Hydro-Klectric Power 
(‘ommission of Ontario, for his assistance 
in the handling of the electrical facilities 
and for his co-operation in surmounting the 
numerous technical difficulties of the re- 
search; to D. J. Bowie, B.Se., M.A., for 
the histologic sections; and to the nu- 
merous members of the staff of the Hydro- 
Electric Power Commission who were of 
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BIBLIOGRAPHY 


X-BLaAkr, A. J.: Goulstonian Lee- 
tures on Death by Electric Currents 
nd by Lightning. Brit. Med. Jour., 
1913, 1, 425, 492, 548. 601. 

UREVOsT, J.-L.: Cited in (1) 


3. BATTELLI, F.: Cited in (1 
4. JELLINEK, S.: The 
Changes Produced in Those Rendered 


Pathological 


Unconscious by Electrical Shock and 
the Treatment of Such Cases. Arch. 











LO6 


Radiol. and Electroth., 1922-1923, 
$7. S16. 
JELLINEK, S.: Atlas der Elektropatho- 


logie. Berlin and Vienna, Urban «& 
Schwarzenberg, 1909 
JELLINEK,S.: Eleetrical Accidents from 
the Clinical and Forensic Standpoint. 
Proce. Roy. Soe. Med., 19138, 6, part 1, 
Ileetro-Therap., p. 17. 
5, LEGGE, f \I.: The 


(Changes Produced in Those Rendered 


Pathological 


Insensible by Electric Shock and the 
Arch. 


1922-1923, 


Such Cases. 
Kleetroth., 


Treatment of 
Radiol. 
7. 2 


6. MacWinuram, J. A.: 
Pathological 


and 


Discussion on the 
Produced in 
Uneonseious by 


Changes 


Subjects Rendered 


Kleetric Shoek. Proce. Roy. Soe. 
Med., 1922, 1/5, parts 1-2, Electro- 
Therap., p. 49. 

7. Ram, S.: The Pathological Changes 


Produeed in Those Rendered In- 





THE JOURNAL OF INDUSTRIAL HYGIENE 


Electric Shock and the 
Treatment of Arch 
Radiol. and 1922-1923. 


27, 4. 


S. CAMPBELL, A.., 


sensible by 
Such Cases. 
Klectroth.. 


AND Hitt, L.: Counter- 
Shock as a Method of Resuscitation 
lollowing Kleetroeution, THis 
Jour., 1924, 6, 267. 

GUTHRIE, C. ¢ 
AND PIKE, F. H.: The 
Resuseitation of the Central Nervou- 


9 STEWART, CG. N., 
Burns, R. L., 
System of Mammals. Jour. 
Med., 1906, 8, 289. 

10. Gomez, L., PIKE, I’. H.: The 
Histological Changes in the Nery 
Cells Due to Total Temporary 
Anaemin of the Central Nervous 

Tbid., 1909, 11, 257. 


11. Cannon, W. &B., 


Nxper 


AND 


System. 
ND BuRKET, L. BR 
The Endurance of Anemia by Nery 
Cells in the Mventeric Plexus. An 
Jour. Physiol., 1913, 32, 347. 


BOOK REVIEWS 


PRINCIPLES OF MeppicaL TREATMENT. By 
(reorge Cheeve i Shatt ich, M.D., A.M., 
Assistant Professor of Tropical Medicine, 
Harvard Medical School; Junior Visiting 
Physician, Boston City Hospital, in 
Charge of the Service for Tropical Dis- 

l‘ormerly Assistant Visiting Phys- 

ician, Massachusetts General Hospital; 
and Assistant in Clinical Medicine, 

Harvard Medical School. Sixth edition, 

revised and enlarged. With contribu- 

tions by various authors. Cloth. Pp 

256 with index. Cambridge: Harvard 

University Press, 1926 


Cases > 


The author states that “the book 
represents an attempt to set forth 
clearly and = econeisely sound prinel- 


ples of medieal practice based, so far 


as possible, upon scientific medical 


knowledge. Special effort has been 


made to emphasize principles and to 
deseribe separately the methods ree- 
into 


putting them 


Sahent 


ommended — for 


facets have also 


practice.” 


been outlined of the mode of action 
of diseases and disease groups in 
order to correlate treatment. A r 
view of the volume indicates that the 
author has not understated his pur- 
faet, the 


his objectives. 


poses or, in attainment ol 
Of the sixteen chapters five are b) 
Dr. Shattuck alone, and the others 


as specified herewith: 


| yisorders Ot 


Nephritis. 


the Circulatory System 


Acute Infectious Diseases 
Acute Infections Most Common in Ch 
hood (Edwin H. Place 
Acute Infections of the Respiratory Trac! 
(GQ. C. Shattuck and Gerald Blake 
Pulmonary Tuberculosis John 
Hawes, 2d 
Asthma (Irancis MI. 
Gastro-[ntestinal 


fackemann 
Disorders. 
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yhilis (C. Morton Smith 

d Poisoning (Joseph C. Aub 

emia (George R. Minot 

betes Mellitus (Benjamin H. Ragle 
loerine Disorders (Charles H. Law- 


operative and Postoperative Medical 
ment (Charles H. Lawrence 
‘ine Therapy (Charles H. Lawrence 


yweation. 


st chapter presents an able dis- 
1 
A 


. 


nm ot. first, a ist of eleven ‘‘very 


' | | é " 1 
le drugs” (20 pages) and, 
fh j . ‘ff " i : ad ] = rm 
a list of fifteen “useful drugs 
ss . ‘ 41 
ig groups. Both the apothe- 


and the metric systems are 


system, the order is: pathol- 
nd diagnosis; types of cardiac 

congenital, infectious, syph- 
degenerative, and myocardial 


ess; general principles of treat- 


; 


‘y 


or cardiac insufficiency —rest, 
on, medication, diet, and con- 
nee; supplementary principles 

thods (for each of the princi- 
Hictions of the heart); the whole 
¢ with “surgical shock.” 

volume contains some prophy- 
or prevention, although only the 
nal items are listed and the 
ssion Is quite brief. 


the matter of treatment. both 


| ° s | } 
i} and special, the volume ap- 
. ° } 
omprehensive, conservative, and 
up to date, as can be seen from 
, 1} , S wwdent — . 
ding Of such subjects as vac- 
herapy, hyposulphite of soda 
ibat metal poisoning, the latest 
ae - . 
| methods for administering 


. 


‘ 


namine, searlet fever vaccines. 


rum therapy, euc. 


Much is presented in terse state- 
ments or outlines such as the follow- 
ing on page 52: ‘The technique of 
isolation (searlet fever) is that of 
surgical asepsis reversed. It aims to 
limit infection to a small zone in- 
stead of to keep a small area free 
from infection;’ and on page 37, 
where a complete working synopsis 
for the treatment of infectious dis- 
eases in general 1s combined under 


nine headings. with subdivisions. on 2 


- > < 
1° 


‘7 lo h« | vy yo’ é >} } ading } 2 
Singie Nail page, each heading tnen 


— 
7 =D ‘4 at ‘ : . “7 . ; : i 
being taken up In detail for the majo1 
infectious diseases. 

We note omission of some items 

1 . . . . . 

such as prophvlactie inieetions for 
tetanus, ‘concurrent disinfeetion. the 


sidar ahlari sointanta ni an ry 
mildet ehiorine cdisinteeta LS, and sulii- 


cient cross refereneing between thi 
y ] ’ pee 4} : 
chapters by dierent authors; more- 
over, the index is rather brief. There 
IS a minimum or reperution, howevel 
and typograpnical errors are very rar 
lo industrial physicians, surgeons, 
and hygienists, the brief chapter 
25 pages) on “Lead Poisoning” by 
ib is very welcome 


: : 
in a book devoted to medical treat- 


— 


ment and is surprisingly complete, 
including a diet list, but we wish 
that the remaining blank 13 pages 
at the end of the chapter might have 
been devoted to a discussion of the 
pathogenesis of lead poisoning as Dr. 
Aub and his group worked it out at 
the Harvard School of Publie Health. 
These same professions will likewise 
appreciate, among others, the chapter 
on “Anemia’’ by Dr. George R. Minot 
in which the subject is treated under 
the headings: types, rest, hygienic 


environment. diet and eare of th 


” 
igestive system, massage, medica- 











ments, splenectomy, and blood trans- 


fusions. To the last heading a con- 


siderable discussion is devoted. 

The book is well balaneed and one 
gets the impression on every page 
that much is said in little space and 
by authoritative and experienced per- 
home ry R. Hayhurst. 


sons. 
PROCEDURES IN EMPLOYMENT PSYCHOLOGY. 
\ \MIANUAL FOR DEVELOPING SCIENTIFIC 
\MietTuops OF VOCATIONAL SELECTION. 
sv Walter Van Dike Bingham, Director, 
Personnel Research Federation; Editor, 
Journal of Personnel Research; Formerly 


Professor of Psychology, Carnegie In- 
titute of Technology; Consultant in 
industrial Psychology: and lax Freyd, 
Research Associate, Personnel Research 
federation; Formerly Instructor in Psy- 
‘thology, University of Pennsylvania. 
Flexible leather. Pp. xi, 269 including 
references, tables, and index. Chicago 
and New York: A. W. Shaw Co,; Lon- 
don: A. W. Shaw & Co., Ltd., 1926. 


[n many respects this volume is a 
handbook of methods and presents a 
varlety of proceedures that have been 
tested by time and been found to have 
practical value. The authors have 
had considerable practical experience 
in industry and business, and their 
judgments may be accepted with con- 
fidence. 

The field as a whole is treated as 
adequately as the limitations of a 
single volume permit. There are nine- 
teen chapters dealing with such topics 
as job analysis, criteria of vocational 


. 
, 


‘ie . 
ehoiee of workers to be 


~ Of Os ENN 
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studied, analysis of the worker, selee- 
tion of examinations, psychologic tests. 
rating scales, questionnaires, and tes{ 
administration and evaluation. 

The authors are moderate in thei; 
expression of opinion of the value of 
psychologie procedures, particularly 
of psychologic tests. They fail, how- 
ever, to give much detail to th 
method of evaluation of test scores 
and to the relation that test scores 
bear to other factors that surely 
operate in a total situation. 

Two or three chapters are largely 
given over to a statistical methodology 
involved in employment psychology. 
While the number of statistical pro- 
cedures and formulae that have been 
included are far from being a com- 
plete list, the reviewer is of the opin- 
ion that much more than is neces 
sary or desirable has been offered. 
The presentation of formulae without 
proofs, without demonstration of their 
derivation, and without making clear 
the assumptions upon which they ar 
based, 1s a dangerous practice. ‘The 
utilization, also, of complex formulae 
in such a difficult field as psychologic 


_ 


measurement is generally precarious. 
Most of those who have attained suc- 
cess In psychologic work in_ business 
and in industry have done so with a 


modicum of statistical procedure.— 


Hi ry B. Elkind. 
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